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RANGE FINDERS AND. RANGE FINDING, 


“This, article has to! in josm, 
the more relating to: range ana, 
finding. Ds 

Part) 66: thie: ig, endoubtedly 
known to:alloofficers, who have used. range’ to 
who ‘have studied the plotted ranges. 

Other information; believe,, will. be found, be sie 
or presented ina new light... 

detail any range: finder... Such: detailed .description, can. be 
found in Ordnance Pamphlet. 357,,Range. Finders, which was 
prepared under the direction of the Bureau of Ordnance: ;.|.... 
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2 RANGE FINDERS AND RANGE FINDING. 
SECTION I.—INTRODUCTORY. 


For several years. after the adoption of the new system of 
_ gunnery training for target practice and the use of a material 
target, range finders received little or no attention. This — 
neglect was due to two readily understoodcauses: 
1st. For the comparatively short ranges at which taceet 
practice was then held, the system of spotting was sufficiently _ 
accurate and spotting soon developed to a high degree of — 
efficiency. . 
2d. The range finders then supplied the Navy were of a 
very short base length, none being greater than 4.5 feet in 
length. In addition to the inaccuracy inseparable from a 
short base length, they were of faulty mechanical and optical 
construction and, being purchased abroad, were not subject 
to adequate naval inspection either during miapiageats or 
before acceptance. 
The use of these range finders under actual service condi- 
tions afloat by officers interested in them, soon proved that 
they wefe very susceptible to derangement, often jarring out — 
of adjustment during a run.‘ Under the best conditions, the 
errors of the range finder exceeded those of the gun; and 
the error of a trained spotter in estimating the distance of a — 
.“short” or “over” was well within the error of the range of 
the target as determined by the range finder. Under these 
conditions, the use of the range finder was a waste of time 
and effort. Permanency of stations and adequate and con- 
tinuous training for range finder crews were unheard of. _ 
 . With the steadily increasing ranges of battle’ practice and 
the closer and ‘closer approach to actual battle. conditions 
under which the battle practices of the fleet were held, artificial — 
aids to finding the range were gradually eliminated and it soon — 
became apparent that spotting had its limitations and: officers 
turned to the range finder as the most logical method of: de- 
termining the range, if only as a’ first — for a 
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demand arose for an accurate finder and in this 
field—as in all other fields—the demand) resulted in develop- 
ment. 

‘Some years ago, as a result of the wise policy of the fire 
control officer in the Bureau of Ordnance, Lieutenant Com- 


_ mander H. B. Price and the Chief of the Bureau, Rear Ad- 
‘miral Mason, the Bureat gaveévery aid ‘and encourage- 


ment to the Bausch & Lomb Optical Company of: Rochester, 
N. Y., to establish a range finder department. : 

The Bausch & Lomb Optical Company was: especially well 
fitted for this development work, being, at that time, the only 


manufacturer in the United States with ahy extended experi- 


ence in supplying optical instruments for the Bureau of Ord- 


- nance; in addition, the Bausch & Lomb Company” was closely’ 


connected with the famous optical firm of Carl Zeiss of Jena, 
Germany, the foremost scientists in the optical world. A great 


‘part of the researches and developments of the Zeiss works 


thus became available for the use of the Bureau of Ordnance. 


. The good faith and confidence of the Bausch & ‘Lomb Com- 


‘Ordnance, in which the Bureau’s acceptance, of the range find- 


ers was conditioned on their being at least as accurate as hed 


known instrument_of equal base length, 


"The Bureau’s encouragement of the Bausch & 


‘pany resulted in the establishment in the United States ofa 


thoroughly equipped range finder factory as a source of supply 
in time of hostilities. - 


The value of a range Heder establishment. located. in ‘the 


‘United States has been shown by the present war which has 
prevented our purchasing any range finders abroad, . 7 


‘In time of peace, there are the advantages of efficient in- 


‘spection during manufacture, of quick repair to damaged. i in- 


struments and of experience and training for many officers.and 


men who have had instruction in the Bausch & Lomb factory. 


Our present range finders embody several new and. valuable 


features, some of these due to The Carl Zeiss Company, others 
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4 RANGE ‘FINDERS AND RANGE FINDING. 


to the Bausch & Lomb Company. A. number via these feapures 
will be referred to in the following pages, 


SECTION 
THE AccURACY OF RANGE 


practice, the accuracy — depen 
“upon ‘several factors. 


Favorable eonditions, such as 
Minimum vibration, 
_ Protection of operator from vind or excessive heat 
or cold, 
_ Ease of of range finder. 
(2) Skill of the operator. .. 
(8) Nature of the object observed. 
(4) Favorable atmospheric conditions minimum. ‘smoke, 
haze or mirage. 
(5). Length of base of the range fader 
(6) Magnification of the range finder, 


If the observed object is clearly defined and the atmospheric 
conditions are favorable, the accuracy will depend upon the 
base length, which measures the angle of parallax at the tar- 
get, and upon the smallness of the angle that the range finder 
‘is capable of oye | which is is a function of the magnifica- 
tion. 
__ For instance, if Y second of arc is the smallest angle, that 
a range finder with a magnification M can detect, a Tange finder 
having a base length of 6 feet can distinguish between two 
objects at distances of 2,000 and 2,005 yards, respectively. A 
range finder having the same magnification, but with a base 
length of 12 feet, could distinguish between ‘two objects at 
‘distances of 2,000 and 2,002.5 yards, respectively. In’ “prac 
tice, the base length is limited by weight, convenience in han- 
dling and difficulties ; although ir in the ast. few 


RANGE FINDERS AND RANGE FINDING: 5 
years’ range‘ finders mounted on deck stands: have increased 
in length of’ base from 4% feet to 20 
have'a base length ofi25 feet or 

1, / AB i is hen of the: range finder, Cla 
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aver Hine 

at the minimum distance for which the range — fates scale is 

graduated. Since AB is very short in comparison with AC, 

AC and BC can be considered equal. and AB may be regarded 

as the arc of a circle of which, the center is C.. The circular 
AB 


measure. of the angle | js If wwe 


bon sonst s hos 


or 


=57:3° of arc; approximately. 


For a. ot 3 ‘this ‘small angle @ is the whole 


angle available for measuring‘ all tanges from: 500; yards’ to 
infinity. 
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6 RANGE FINDERS AND RANGE FINDING. 


In the same way, we find that the angle available for meas- 
uring all ranges between 1,000 yards and infinity for range 
finders of 9-foot and 15-foot bases is 
of arc.and 17. minutes of.are. 

In figure 2, let CBE or 00 the that 
the range finder can detect, then AE—AC=CE=,. 

This difference in range, 7, can just be distinguished and. 
the error of the range finder for the range R is +7. _ 

From the figure we obtain the ratio 


R—r 
tea 
(OF approximately 


Since 30 and 4 are calkied. the error r for the range R is 
proportional to the square of the range. It follows that a 
range finder with an error of 30 yards vat a range of 6,000 
will have at 

"2,000 yards, an ertor of 
3,000 yards, an error of 7k yards, 
"12,000 yards, an error of 120 yard 


r==R’ X a constant) ‘varies as 


which shows that the percentage of error varies as the range _ 
and a range finder that has an error: vd i of 1 t Pet cent at 6,000 
yards will have an error of 
4 of 1 per cent at 2,000 at: ie 
Of per cent at600 yards, 
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we take a te standard of accuracy within} of 


R 
and, Oy 
400,000 


in measure. 


As ‘the angle ‘whose circular measure is unity contains 
range finder is capable of detecting. 

Some idea of the minuteness of of % of 
arc can be gained by stating that it is the angle subtended by'1 ” 
millimeter at a distance of 400 meters. It'is of interest ‘to‘com- 
pare such a range finder with the usual form of instrument for. 
measuring angles, such as a theodolite. 

The ordinary surveyors theodolite with a 5-inch in: 
graduated to read by vernier to 1.minute of arc. In order to 
read to second of arc with equal facility, a 
50 feet in diameter would be required, 

_ Although the range fipder may, be an 
angle of 1% second’ of arc, the eye can resolve such an angle 
only when it is sufficiently magnified. 

Years of practical experience ‘with range finders of. the co- 
incidence type have proved that under the most favorable 
conditions the unaided eye cannot resolve: angles of less than 
10 seconds of arc in making a coincidence of the two halves 


of' an object and itis advisable ‘to consider ‘the value>of this 


angle between 12 seconds and 15 seconds) ( 12’ seconds is’ the» 
value used in figuring errors in this.article. In the range finder 


pamphlet a slightly smaller, value is assumed for this angle). 


Accordingly, it would be necessary. ya use a magnification of 
about, 30 diameters to enable to res esolye of. 


‘second of are. 
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8 RANGE FINDERS AND RANGE FINDING. 


_As previously stated, this type of range finder is based upon 
the determination of the angle 6 subtended. saree 
the base length of the ratige fitder. 
_ Referring again to Figure 2, we have 

AC 
in circular measure. 


x seconds, | 


In the case of a rangefinder with unit: the 
measurement of the angle @. is accompanied .by an error 60. 
depending upon the observer’s keenness of vision,. the nature. 
of the.target, the ths of the 
range finder. | 


a wrong range 
tihob 


Subtracting equations (2) and @ 


As ris usually, small ‘comparison with. 

for RR’. and 92 SL slants 

equation, shows that ‘the error, increases, with the 

angular error, 30, and with the square of the - Tange, R, R, but 


decreases with increase of base length, 4. 
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RANGE FINDERS AND RANGE FINDING.” 9 
If we assume 
_b=3 yards, R=1,000. seconds, 
then by the use of equation (3); .. 
1,000 X 1,000 
3 X 206,000 
When R= = 3,000 yards we have, 


12 X 3,000 X 3,000 
ac 3X 206,000 
Now if the range finder has a magnification of v,, the angu- 
lar error 0@.is reduced in direct ratio to the a il and 


instead of the error 00 we have v: : 


=19.4 yards. 


@) then becomes... 
It is thus possible to the r, by increasing the 


Av limit; however, to the’ increase is'soon 
the excessive mirage inseparable from high: magnification, by 
optical difficulties and: by the ‘decreased field; ‘so that'a mag- 
nification of 28 or 80 diameters has been’ found to be® the 
upper limit under service ‘conditions; and it has ‘been’ found 
necessary to provide range’ finders’ with a lower? ‘magnification 
of about'15 diameters as well, for use 
Of excessive mitage, 

‘Equation (4) is in calculating the tables of 
errors for range finders, using the value’ == 12) seconds; 
yardsyivw to asort of 

It should remembered that these errors have been 

mirage, ‘poorly defined objects, etc.) theerrors of ‘measurement 
sometimes amount to ‘six times) the*caleulated: errors ; but ‘ar’ 
average error:of double the’ calculated ‘error ‘must beexpecteds 
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TABLE oF ERRORS. 
Base length 3 meters; 28° 


Minimum Error —'Expected'Error 
Range in yards. imyards. (Favorable conditions). 
2,000 3.0 
3,000 
4,000 20 
6,000 28.0) 
8,000 40.0 80 
10,000 
12,000 90.0 180 
15,000 140.0 280 


Ay 


This Error” i is tie error 
The range obtained by a skilled range finder operator,on a 
single observation of ‘a -well defined. target 
conditions will lie between two extremes, 

,the true range + the expected error and 

true range — the expected.error, 

_ For instance, for a true range: of 15,000 yards his andine 
_ might be 15,280. yards, or 14,720: yards and, he might obtain. 
any intermediate range. Two consecutive readings might. 
give the. same range but the chance is equal that they. might 
give the two extremes possible. If a series of readings were 
taken.-on..a target whose range was, not’ changing, of was 
changing very slowly, the mean of these ss 7 be 
very close to the true range. 

If the range is changing rapidly: it possible to 
series, of readings to determine one range, but by taking suc- 
cessive readings and-carefully plotting each position by gyro 
compass bearings a line can be obtained which will bea ‘close 
approximation to the mean of all the ranges (Fig. 8), 2 ccovs 
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“RANGE FINDERS AND” RANGE FINDING. 


‘A series of readings to detetmine a single range is not 
possible—the determination of a\mean line of a series of 
single readings is objectionable in that it takes time ~— re- 
quires plotting. oe 
In range finder, reports, frequent coflplaint has been rade | 


(1) That the range Snes. i is not accuttate, because ranging 
shots were over’ or “short” When the bary 
were set for’ the range finder range, »and . 

(2)°That at the longer ranges the probable error és the 


range finder is greater than the danger’ es: 0 * 


With reference to complaint*(1) : 
Sufficient reasons for the-difference between the range | findet 


range and the sight bar ‘range will be found in the pi ilaving 
list of “ Elements of dispersion in gun fire :” a 


Variations in the Projectile, cartridge. case 

4b) Variations in the gun. 4 
(c) Variations in the sight and mounting. 

(d ) Personal errors of pointers and sight setters. 


The scope of this article prevents anydiscussion of (a), 
(b),{c) and (d). (Full information will be found thereon 
in the Bureau's Pamphlet “ Elements of Dispersion. ci Ady 
tention is called however to the change i in range resulting from 
one of the many possible variations in powder alone. 

If the temperature of one magazine were 10 degrees F. 
higher than another, there would result an increase of initial 
velocity of 20 f/s producing, in a 12-inch 2,700 f/s rifle, a 
vertical error of about 35 feet at 10,000 yards or a ine of 
range of 116 yards at 10,000 yards. 
It is believed that with a skilled observer and a range fndes 
in accurate adjustment, the error between the “ range finder 
_ range” and the true range will be no greater than the error 

eines the “sight bar hates and the true range. 
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With reference to. complaint, tuo 
This is unquestionably true, but.it, is believed that a 
_ investigation will show that at the longer ranges the accuracy 
_of the range finder compares favorably. with. af the 
Expected errors in, yards for ranges in yards:.. 


Bemeter 80 124 280 

Danger space in yards for 20-foot target: 
12-inch’ 40-caliber 2;400 f/s rifle)... 60 47 24 


12-inch 45-caliber 2,700 f/s rifle... 85 61 46° 81 
12-inch 50-caliber 2,900 f/s rifle. . 100 
14-inch 45-caliber 2,600 f/srifle... 80° 57 48° 29. 


While the expected errors of even the 20-foot range finder 
are greater than the danger space of the 12-inch 2,900 f/s 
rifle for ranges exceeding 10,000 yards and greater than the 
danger: space of the 14-inch 2,600 f/s rifle for the 10,000 
yards range; it will be of interest to compare the actual errors 
of these range finders on acceptance tests with’ Naval Proving 
Ground ballistic tests of these guns. These tests were con- 
sere under conditions as perfect as it is possible to attain. 

In the case of the range finder—a highly skilled: observer. 
with well. defined targets, excellent atmospheric and weather 
conditions, 


In the case of the gun—a solid, immovable platform, the 
weight, the same temperature and | the same density of loading 
of the powder charge. 
is essential to note that the range readings. were 
obtained. as follows: The inside scale. was. blanked off; the 
_ observer perfected the coincidence, and called out “ read” ; 
an assistant entered the reading of the outside scale in the 
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record book without informing’ thé observer of the reading. ° 


‘In this way a series of readings on one object would be ob- 


tained. The range ge finder was then trained upon a second target 
and a series of readings obtained for the second target: After 


- all targets had been ranged ‘on, ‘the’ observer ‘compared the 


readings obtained’ with the’ permissible acceptance errors. If 


the: range finder was, s within the. i errors, permitted in 


a later day and if it was again within aa limiting errors. ‘on 


the second test it was accepted. If it fell down on either test, 


readjustment by the contractors was it passed 
on two successive tests. US Ti 

Of the two instruments, the range: 
are more consistent and the;maximum errors. are smaller; 
being probably due to better. and more aed 


‘mospheric conditions. 


Acceptance test 
3. Meter Range Finder. Mark 1V, Mod, 5 Ne 79. 
(al distances are in yards, 


True» ranges. 4,600; 5,550: 8, 300 70,240. 10,500 


“4,590 5,540 8,870 10,850 10,650 16,600 
5,580 8,200 10,350 10,600 16,500 
Range Finder 4,605 5,580 8,280 10,200 10,550 16, 450 


8,275 10,225 10,600 16,450 

~ 18,295 16,700 33,125 41,125 63, 500 66, 000 

Mean ........ 4,598 5,567 8,281 10,281 10,583 16,500 


Maximum error 100 110. “150 
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anny a Foot Range Finder Mark XII, No. 18. 


distances are in yards. ) 
ranges 4,600 5,550 8,300 10;240- 10,500. 16,600 
6,555 8,800 10,050 10,600 16,500 


4,615 5,600 8,350 10,320 10,350 16,400 
4,620 _5,640> 8280 10,100 10,690 16,700 

Range Finder 4,585 5,535 8,295 10,100 10,675 16,450 
Readings. ..... 5,550 8,200 10,150 10,700 16,800 


18,425 27,880 81,320 74,115 115,950. 
Mean ........ 4,606 5,576 8,306 10,165 10,588 16 eae 
‘Mean error...... 26... 88. 36 
Maximum error 20 90 110 #190 200 250 


see TYPES OF RANGE FINDERS. 


types of range finders, some 
while not suitable for naval use, for 
special conditions ashore) 


“The various types an: 


Depression. ‘ j \ 
Long base, two — ‘fe 
Observer, self-cofttained base; stereoscopic. | 


1% 
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The Depression Range Finder (Fig. 4) is used extensively 


Ren 


by the coast artillery and is simple in principle, being based on 
the angle a measured between the water line of the target and 
the horizontal plane; ‘this angle with the known height, h (cor- 
rected for the tide), gives the range, R. : 

At long ranges, the smallness of the angle a, together with 
the uncertainty due to refraction near the horizon, — the 
of this method. 

The have finder (Fig. 8) is also 


000 


FIG.7 Fig. 8. 


by the coast atid is on the 


principle.of a long base, b, of known, length with an accurate 
instrument at each extremity of the base for measuring the 
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angles and and thereby determining the: distance: B 
which, : by suitable is: — to the. 
"is obvious tat he ofthis method depends 


The variation from a ‘the base 

"Tine and’ the target fine’ of front the center of 

The simultaneous reading of the ‘angles and 

The personal error of the ‘two observers, or the accur- 

with’ which the vertical cross line of the telescope 
is placed’ tipon the designated point of the: target. si 

“Iti is. apparent that the, personal error of the two observers 
may greatly. affect with ths range is, Ato | 
termined, 

If the errors the. ware, in 
amount and made in the same direction, say, to.the: right,/ ‘the 
effect: would be as shown: (exaggerated).in Figure 6;,;, 

Under this condition, unless the personal errors, were iexces- 
sive, the difference between the true range and the measured 
range from the target to the base line would be inconsiderable. 

If, however, the personal errors were made in opposite direc- 
tions the effect would be as shown (exaggerated) in Figure 7 
and the difference between the true range and.the measured 
range might be considerable. a Nas 

poe data exists as to the probable octal error in ‘such a 

“When it is considered that the requirement of simul- 
observations at each end. of; the: base’ necessarily de- 
mands taking the angles on signal, that the target is moving 
and may be poorly defined or partly obscured by smoke, it 
appears reasonable to: assume this probable: — error las 
30 seconds of arc under unfavorable conditions)»: ©) 


This. error. of 30 seconds of are is-assumed the follow- 


‘ing reasons: On page 7 it was stated that the! unaided eye _ 


cannot resolve anglesof less than: about 12 :seconds°of arc’ in 
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making a coincidence of the two halves of an image. It must 
be understood that this degree of accuracy of the resolving 
power of the eye applies only to observations of coincidence 
where the partial images of the object are separated by a fine 
line and the adjustment is made by bringing the partial images 
into exact alignment at the separating line... Under such con- 
ditions the eye is capable of. distinguishing with great exacti- 
tude any discontinuity or error in alignment eyen, when the — 
definition of, the edges-of the, object is not perfect, In, the 
case of overlapping or superposition of images or. in, placing a 
cross line of finite width on a. designated point, of-aim, the 
smallest angle. that the eye can resolve is more, than twice the 

above value of 12 seconds of arc even under ideal ‘conditions 
and, in practice; when the edges of the images are not perfect 
or where the cross line is heavy or ragged it is not. possible to 
determine, with the necessary degree of the 
images are correctly superposed: 

Witha base length of 1,200 feet anda true raiige of 18,000 
yards, this applied ‘personal error ot 80 he Bive 


—30 seconds=89° 13’ 8.12963 


due to this cause. 

The two-observer: adage! ‘finder has two 
ashore that; it-would’ not possess’ afloat. area base at 
any desired length and:a ‘stable’ platform.” Gest 
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In view of the fact that the question of the use-afloat of a 
two-observer long-base range finder is periodically revived in 
the Navy, it will be ‘of interest to state here the comparative 
results ‘obtained by ‘the coast artillery with the three types: 
depression, two-observer long-base, and single-observer erect- 
image coincidence range finders. : 

At all coast artillery posts equipped with the three types of 
range finders, extensive series, of ranges were taken, by the 
range finders on fixed and on moving targets under varying 
conditions. At the same time the true ranges of the targets 
were obtained by triangulation, by ‘plotting the course of the 
target.on the chart, etc. These. recorded ranges, of which 
there were several thousand, were forwarded. to the Artillery 
Senet at Fortress Monroe, where they were pinkie ant the 

‘Lt Col. Albert Li. Rhoades, AC, U. 
authority for stating that these results showed the comparative 
accuracy of these three types of range finders — to 


“The following is from his 


“The ratios of lengths of base: scarey ofthe 
— types of range finders are: 1G 


Single-observer erect-ingage ‘coincidence, 1 
Depression position finder, vertical base, 5 feet; 
Tong horizontal base, 60 feet... 


other words, the 20-foot ‘self-contained’ 
erect-image coincidencé range finder; the’ depression 
range finder with a 100-foot vertical base, and the two-observer 


base, are of equalraccuracy) alt sorts 
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_ I believe that it will only, be a question of a short time 


_ when Iwill have to modify these ratios on account of the in- 


creased: accuracy we are getting with the coincidence range 
observers.” 


SINGLE-OBSERVER SELF-CONTAINED BASE RANGE FINDERS, 
—_ finder are: 
Requires only: one: 
The ranges of moving objects can 
The accuracy ‘of the range obtained 4 is ee of me 
bearing of the target. 
The smaller types of range’ finders can be set in say 
tion; horizontal, inclined or vertical, a ‘coincidence 
e be obtained of lines other than vertical.’ 
“Great convenience, and rapidity of operation 


SINGLE-OBSERVER STEREOSCOPIC FINDER. 


It is well known that objects at a distance viewed through 
a telescope or other monocular.all appear toliein-a plane equi- 
distant from the observer. When-these same objects are 
viewed through a binocular the image acquires depth, or a 
relief effect, which ‘enables’ the ‘observer to- the 
relative distances ‘of the objects fromihim:' 


The stereoscopic range: finder based: upon’ -thig 


of binocular vision greatly amplified by separating the end 


prisms of the instrument to a’ distance of about 60. inches. . 
The stereoscopic range | finder i is similar to the Mark I Spotting 
Glass with the addition of a range scale in the image plane of 
finder. is illustrated in Figure 9... 9 

_ As shown, the;scale is pro jected the field 
by. observing the image.of the target with dats 
range scale, its distance can be quickly determined. 926d 
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(nak ays one with normal eyesight and having equal or nearly 
in both eyes and accustomed’ to, using 
both eyes ‘can obtain satisfactory results an the peerage 
finder after a little practices 
‘type°of range finder-is: well adapted for se in the 
Ranges may be obtained at thes same’ instant 
of objects widely differing in range. 

© Ranges may be obtained of objects, stich sc shesnntites 
from @ bursting shell, which are tooirregular.in form 
for ‘the erect: image ‘coincidence range’ finder, ¢ 
short duration for the invert range finder. 

These range finders have been tried out in the:United States 
Navy but are‘not suitable for ‘use >: 
To obtainacturate results it issnecessary 
_ the image!of the) target: under and close to the: line! of srange 
points. If thesimage rises» above the range points or falls 
- well below them the range cannot be determined within sey- 
on hundred yards. 

When ‘on’ objects’ ott for the erect’ image 
coincidence range finder the’ pees type is not as ac- 

curate as, the, ¢ coincidence type. ... Jo ‘eqyt orl 


dT 
type of coincidence range finder and is especially well adapted 
for infantry and artillery use ‘ashore. The upper image is 
inverted; but not’ reversed right or left. ‘The’ inverted field _ 
occupies only, a portion of the ‘upper half of ‘the field, ‘leaving 


of observation. 
This method i Advantageous in taking” 


‘ranges on poorly defined or’ irregularly shaped ‘objects stich 
‘as smoke clouds, bushes, bodies of ‘troops, etc. : 


, 

“3 
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The invert range finder shows a coincidence error by.a lack 
of lateral symmetry which is mote easily. detected and corrected 
in objects of itregular outline than an error of alignment... As 
a consequence, the invert range finder for this class, of work 
has been found to'be more accurate than the erect. image type. | 

When the object observed has well, defined vertical lines, the 

“invert” range finder may be used as-an “erect, and a 
coincidence obtained in the usual-way. 

Figure 10 shows the field of mi ‘invert range tonites and ‘the 
images 

Range finders: of the invert the that 
a rotation of the instrument about, its longitudinal axis causes 
the two partial images in the field to move in opposite direc- 
tions, at right angles to the halving: line... When the force of 


_ the wind or the vibration of the platform is excessive, it is 


difficult to keep a smdll or an indistinct object under observa- 
tion as the half object is lost to view if it: passes the halving 
line. eo this reason, the — ”” type is not a success for 


THE SINGLE-OBSERVER COINCIDENCE RANGE. FINDER—ERECT 
This is the type of range finder used exclusively in the 
U.S. Navy, and, as the name iompliesy the ranges are obtained | 
by a single observer. a 
Taking into consideration the ratio of the base length to - 
the ranges usually observed, the accuracy of this type of range 
finder is remarkable and its accuracy is due in a very large 


' degree to the great exactness with which the eye can dis- 


tinguish any discontinuity, or lack of alignment i in the edge of 
the half i images, This, Point has, been emphasized 
on page 18. 
, It must be understood that the accuracy of observation of 
the. coincidence method also depends. toa very considerable 
degree on the fineness of the separating HBR tt has been found 
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in ptactice: ‘that a thick or ragged separating 


errors in the ranges. ovo 
It is assumed that all are igniting with thé nieces ot 
the range: finder and the method of compensating for the 


angle a (Fig: 11)~by movement of the measuring wedge, K, 


this movement . ‘oe wedge wee indicating the range on the 
range scale. « q 
Consequently all will be omitted. 

The following description with the ingenious optical 
system of the Bausch.& Lomb (Zeiss) and 


features not usually. touched upon, 


The:angle’ 6 (Figure: 11). is! maintained: at 
degrees by the target in the center nf the 


8 


ern range finders because of the fact that the. entering and the 
emergent rays always. take’ a: 90-degreé angle’ regardless “of 

y rotation, of the prism about’a vertical-axis, which might 
sees by'distortion ‘of the tube of the Tange finder. 

Fig. 12 shows a plafi ofthe essential optical features of 
the range finder, omitting.the: self-contained: ‘adjuster and other 
elements. not essentiato uriders standing of the con- 


Fig. 18 shows a rear of half of the instru- 
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14 shows a side elevation of the 
the pines lenses 


LEFT RAY. 


“The prism is up poise two: 
(Sy and S,) in contact atthe surface AB. This ‘surface is 
silvered from C: to’ B (both ‘sides of CB: forming «reflecting 
faces to any rays of light striking thereon) and cemented with 
Damar balsam from A to C making the two prisms $, and S,, 
in-effect, a single optical element, so that the rays of light pass 
through the plane A C in any direction without. suffering 
either reflection or refraction. ‘The inverted half images, 
formed by the objective lenses O, and O, (Fig. 12) are formed 
at the image plane D E, the edge of the silvered surface eC" 


15) forming’ the line. 
y+ 


B= borron tar MALE LEFT 


played by the coincidence prism in suppressing one-half of 


| 
| BMT, FIGS. 
| «SECTION AT OE. ¢ 
| COINCIDENCE PRISM 3S 
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the right image and the other half of the left image, 
a complete image of the:remaining half images, 

It will be of interest to investigate the effect of each optical 
singly-upon the target, and for this purpose we will 
always consider ‘that is’ the sight 
the’ target. 

Assume’ a chip toaird the eft: (Fig. 
46). The optical elements of the right:half ‘of the instrument, 
taken in,succession up to the point where the half images are 
joined at D E ( Fig. effects (Figs. 12, 
13, 14 and 15) + 

The right penta prism Pp, leaves it unchanged (a). 

- The right objective O, inverts and reverses it (b). 

The right half S, (Fig. ib) of the coincidence prism, with 
two horizontal reflections at’G and H and one roof reversal 
at H with no change in the original direction of the line of 
sight reverses it (c).. | : 

The silvered surface/C rellects the. half out through 
the top of the prism S, where itis lost, leaving formed at D C 
the half image (d). 


wipticad eléshents of the'left half of, 
suecession:up to the point where the half 
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_. The left penta prism P, leaves it unchanged (a’). ~ only 
The left objective Oj inverts and reverses 
The left, half S; of the coincidence prism, with, hori- 


The balsamed surface A C permits the bottom half to, ‘on 
out through 'the top ofthe prism where it is lost.::The sil- 


| HALVING — 

HALVING 

4 sti} 


‘The tw. half images -are-Joined ‘at the i ange plang DCE | (e) 
~The change of magnification lens O inverts ay, reverses 


q it (f) 


i "Phe reversing prism P reversesit 
| The rhomboid prism R, with two horizontal pelantions and . 
4 _ no change:in the original direction of the line of ‘sight, leaves 
q it unchanged (g) 

change of magnification lens O in addition to 

| reversing the image also ‘forms: at ati image plane within 

| | the rhomboid prism a second ‘image of the united half images 


the original direction of the line of sight, reverses it (c’):. 
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seen at DE... .This second image is. formed near the lower end 


_of the rhomboid prism in the position shown by the heavy line 


(Fig. 17). The erected half images formed, at this. point are 
finally magnified by the eye piece O and this final, magnified 

METHODS OF COINCIDENCE ADJUSTMENT. 


The necessity of a means for coincidence adjustment can be 
readily understood when it is considered that a range finder, 


like any other instrument, may be thrown.out of adjustment 


by unusual shock, such as a — shel or 


Fie 


PEEP FINDER WITH 


assure the observer that it is in correct adjustment. It is ap- 
parent- that adjustment on the moon or a star or on a’ distant 
object ‘at’an accurately known range is possible’ only’ under 
exceptional and rare conditions/so that the only means of ad- 


justment available at all times are bar’ 


THE ADJUSTING BAR (As, 18)... 
The distance between the centers of the two marks on the 
adjusting bar.is equal:to. the base length of the; range: finder 
and: the adjusting marks) must- be’ of: the same The 
images of the right and the left hand marks produced by the 
right and the left’ sides respectively of the instrument} are ob- 


served in'the field of the range finder and: when ‘the:image of - 
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one mark in the upper half field is in coincidence with the 
image of the other mark in the lower half field tiie py: _ 


Fig 


In using the adjusting bar it is preferable-to use the lower 
magnification of the range finder; the bar is carefully sighted 
at. the center of the range finder and the adjusting marks 
‘brought into, the center of the range finder field, These. pre- 
cautions will insure the parallelism of the range. finder. and the 
adjusting bar. ‘The adjusting bar. shouldbe placed at a suf- 
ficient distance from the range finder so that the halving line 
is sharp and the adjusting marks are in distinct focus., (This - 
distance is not less than 100 yards for the 15 magnification and 
not less than 150 yards for the 28 magnification. ) 
Exact experiments by the*Carl Zeiss Company in-an jnstru- 
ment tunnel proved that the'adjusting bar method was accurate 
provided that the temperature and the atmospheric ‘conditions 
at the range finder, ‘at the adjusting bar: and atodll points be- 
tween them were uniform but that unless these uniform con- 
ditions ‘could ‘be! obtained this method was unreliable. ‘These 
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tests at the Bausch, & Lomb factory at Rochester, 

These uniform conditions are practically impossible t to obtain” 
aboard ship and the adjusting bar method should be used only 
as a last resort as it is fairly certain that its use under non- 
uniform conditions will introduce an error into the mer gaa 
of the instrument. 


HE ‘SELF-CONTAINED ADJUSTER. 


The self-contained adjuster is“unquestionably one of the 
most valuable features of modern range finders. It is accurate 
and reliable, is always available, requires only one or two min- 

utes to check the adjustment of the range finder and the im- 
proved designs embody features to setae a ier any error 
in the adjuster itself. 

- The optical principle embodied in the self-contained adjuster 
is that of causing the rays of light froma near object (carried 
within the range finder) to enter the two ends of the instru- 
ment as if the object was at an optically infinite distance—i.e.; 
the rays of light enter the two end prisms ae to each 
other. - ts 

In theory,, this is a optical 
and mechanical standpoint it presented many difficulties which 
were overcome only after. extended investigations and experi- 
by Fig. 20. ag 

vertical line, X, being in ‘the focal plane of, 
adjuster objective D, is consequently projected to an optically 
infinite distance. Half of the, line X, is deflected through 
90, degrees by the. penta prism, J, the other half of the:line X,. 
passes under J, and is deflected. through, 90 degrees by the 
penta prism J,.;. If, this, adjuster i is so designed that J, and 
canbe brought before the range: finder end prisms, our 
adjuster is constructed in accordance with the desired. optical 
principle and should be reliable at all times. Actual tests-with 
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this adjuster, however, proved that it was not reliable and that 


& 
4 


q correct readings on accurately measured ranges. Careful ‘ex- 
q periments in the'Catl Zeiss laboratories extending over two 
{ years developed the fact that it was not absolutely ‘correct to 
q asctibe to'a penta prism'the property of always producing a 
2 constant deviation. It was found that while penta prisms could 
q be so accurately ground that the tolerance of the angles was 
4 + 6 seconds of arc, the resulting deviation would alter with 
@ _ changes of temperature and, to a lesser extent, even in the 
| course of time. ‘These constant changes are due to the prop- 
q erties of glass which, like all other solids, partakes, to a greater 
q or less extent, of ‘the nature of semi-fluids. ‘These changes — 
i cannot be preverited nor predicted; the best that can be done 


is to retard and minimize them by protecting the prisms as 


much as possible from — and out- 
side influences.” 
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"These chatiges, while: 
fectly compensated by suitable construction, | 

It will be apparent from an Fig 26: that 
there ‘are three possible: cases: 


(a) The rays A and B are "parallel 
They, diverge. tack 
If they are parallel, no is 

Assume that A and B converge (Fig. 21). | 

If, by means of accurate mechanical construction, the two 
prisms J, and J, can be rotated through an exact 90-degree | 
angle and a new vertical line X, is observed, A and B will now 
diverge (Fig. 22): 

This divergetice will Gactly equal the previous convergence. 
The mean between the two successive directions ‘ofA and B . 
secures absolute parallelism of the rays of light used for ad- 
justing. This construction is embodied in the improved type 
of self-contained adjuster, Mn actual practice, the range finder 
is set on the vertical adjuster line at one end of the instrument 
and the position of the index ‘moted on the graduations near 
« The range finder is then set on the vertical adjuster line 


a 


at the. qthey endhof, the instrument, and the ney position. of the 


ty 


index note. The index isthe st tthe mea nthe 
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Figures 23 and 24.show the position of the optical elements 
and the path of the rays of light thee 
adjuster respectively being 

It is essential that the prisms: Jy be through 
an exact 90-degree angle. 

Parallelism, of the two ends of the ‘edna: is not necessary 
to its accuracy, as the effect of parallel rays will always, be 
secured by the 90-degree rotation of the prisms. This is s shown 


~q@and b are the deflected rays when using the left hand ad- 
juster, a’ and b? the deflected rays when using right hand ad- ~ 
juster (the bisectors R,R* of the angles between a and a* and j 


CARE AND USE OF RANGE FINDER. 


As this subject is exhaustively. discussed in the range Sadat 
pamphlet, it will not be taken up in this article ‘ea. to ii) 
tion the more important-features. __ 

“In this connection, it is desired to invite atiention? 
point which may be of assistance to-range finder operators. 

All range finders are fitted with ray filters, one of which has 
sufficient light intercepting qualities to enable the use not the 
range finder in the direct beam from a searchlight. ows 
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- In 1909, the B” runs for destroyers required the destroy- 
ers to run directly in the path of a searchlight beam and 
toward the searchlight and to fire a torpedo at the target when 
at a given range from the searchlight. During the destroyer 
practices at Manila that year, the blinding effect of the search- 
light beam was entirely overcome and used to great advantage 
by throwing in the range finder astigmatizer which astigma- 
tized the searchlight beam into a sharp bright line of which an 
coincidence was obtained. 

- Experience is the best judge of the part of the target which 
should be selected to enable the ee 
results. 

a fine should be sidecteds 
When no vertical line is available, an inclined line may be used 
but it is of the utmost importance to have the halving adjust- 
ment correct as an error of the halving ee byteicratl in- 
troduce anerror in the coincidence. 

_ A change in lighting conditions: Sriom overcast’ to bright 
sunlight or the reverse may increase the difficulty of obtaining 
an accurate coincidence and will probably necessitate selecting 


a different side ora of the same to 


the best results. 

Similarly, the of sun, behind the target 
or behind the observer or whether shining across the line of 
sight from the right or from the left, will be found to have 
its effect. in» varying the part of 
most accurate coincidence:: 

Fairly satisfactory results may on by the use of 
oi jects of irregular outlines, such as smoke clotids, by the use 
of the astigmatizer which produces a series of ‘alternate light 
and dark vertical streaks which may be brought into ¢oinci- 
dence with:a fair degree of accuracy: As‘the introduction of 
the astigmatizer lenses may cause a slight change in the’ lines 
of sight, it-is advisable to adjust the range finder for ‘coinict- 
dence. with the:astigmatizer' lenses IN.” ‘This can'be done 
very readily by the self-contained adjuster. 
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When ranging upon very small objects, accurate ranges: may 
sometimes be obtained by changing the halving adjustment so 
as to “ duplicate’ the i sient anh then: two 
into a-vertical line; 
- The eyepiece must ‘be so  adjustest that the. alving: is 
sharp.and distinct at the same time that distant objects are in 
sharp ‘and bright focus: If this condition cannot be obtained, 
the range finder should: te by an 
expert. 

The accuracy of the: 
the exactness of the coincidence and: large errors may be ex- 
pected in beginners. Range finding is no exception to the 
general rule ‘that “ Accuracy increases with practice.” The 
personal errors of observers decrease as they gain experience. 
For these reasons permanence of station for observers should 
be insisted on and every opportunity for practice»should be 
afforded them both on measured and on unmeasured ranges. 
Whenever possible the observer should always approach the 
coincidence from the same side, i.e., with increasing scale 
readings or decreasing scale réadings and, unless lighting con- 
ditions or indistinct outline dictate otherwise, the coincidence 
should always be obtained on the same edge ‘of the target, 
either the right or the left. ‘The individual observer will obtain 
better results by so doing than the or’ 

_ Every effort should. be: 1 
sheltered from the wind and thoroughly comfortable in all ‘re- 
spects. Good results cannot be expected an 
is suffering from physical discomfort...) 

A comparatively low magnification is: for use. 

Provided that weather :conditions are: favorable, a higher 
magnification is greatly superior for day'use.’ When there*is 
a mirage, a more perfect coincidencecan ‘be obtained’ by the 
_ low magnification ; however, on account of the:greater lack of 
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long ranges, even with a mirage, the average errors are as 
‘great’ with the low magnification as:with the high. 


When observing in a seaway at ranges in excess: of 15,000 
yards, it is not to be expected. that:two consecutive readings 


by the: 12-foot or 20-foot range: finder: ‘will be:nearer each 
- other than 150 yards and the mean of a set of readings, if 


they can be taken, will give better results than a single reading. 

In adjusting range finders on objects at known distances, it 
is imperative that objects at the crane sro distance be 
selected for the following reason: 1 

On page 5. it was shown that.with a range finder having a 
base length-of 9 feet the total available.angle for measuring 
all ranges from 500 yards to & was'21- minutes of arc and 
for measuring all ranges from 1 000 yards to: «was 10 min- 
utes of arc. 

It is thus readily apparent that divisions on the range scale 
representing equal increments of range’ decrease in arithmeti- 
cal progression with increases in the range—for example—if 
a range finder ‘graduated from 1,000 yards to « has a range 
scale. 160 centimeters in Jength 3 it will be divided as follows: 

lo ds 000 yards. to. jem. 


1,000, yards to., 2, 000... 80,.cm..,. 
2,000 yards to 4,000... ee 40 em... HOLD 
4,000 yards to 8,000......... 
8,000. yards; to. 16,000. oa 
16,000. wards, to 82,000: 203 


These tabulated that if. a range is 
ed on/an object at,a known, distance. of 1,000. yards—the idis- 
tance determined within an error of 1 per cent—this 1 per cent 
error. will result,in an, introduced error, as follows: 
123000 yards range 40, yards, errorin 
bers, jode4:000 yards range... yards, errots 

16,000 yards range......... 2,560 yards error 
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This clearly demonstrates the great importance of adjusting 
range finders for coincidence on objects at great distances and 
er the adjustment as accurately as possible. = 

In checking the adjustment of range finders upon objects at 
known distances, the must be 
obtained : : 


a 9-foot base range finder. 


_ The range of.an _ Must be known 
object at within 
1,000 yards -yards 
2,000 yards 1.5 yards 
4,000 yards yards 
6,000 yards" yards 
With a 15-foot base range finder 
4,000 yards yards 
6,000 yards 10 yards 
8,000 yards 15, 


As the accuracy with which a range finder can be adjusted 


_ varies directly with the base length, it naturally follows that 


the longer the base of the range finder the more exactly must 
we know the range of the objects — we — to use for 
adjustment. 

The permissible error of .5 yards at 1 00 yards given above- 
for a 9-foot range finder is 1/20 of the error tabulated in the 
table based on an error of 1 per cent—this permissible error 
of 5 yards at 1,000 yards would be 128 yards at 16,000 yards 
which is within minimum ‘error shown in ie on 
page 10. 

In this connection, it is Of interest to refer to'a practice | that 
formerly prevailed to some extent. ‘This was the practice of 
obtaining the range of the target with the range finder, setting 
the sight bar to the range finder range; firing a trial shot and 
then agro of the an ‘amount equal to 
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the spotting correction necessary to bring the shots on the 
target. 

An actual test'on he 3-meter Bausch & Lomb range finder 
showed that applying a 100-yard “correction” at a range of 
7,000 yards by moving the range finder scale resulted in a 
“correction” of 200 yards at 10,000 yards. range and in a 
“correction” of 500 yards at 15,000 yards range. 

In range finders fitted with both inside and outside scales 
there is a chance for an error between the two scales which 
should be guarded against. The inside scale is directly con- 
nected to the measuring wedge, a construction which eliminates. 
any chance for error. The inside and outside scales are con- 
nected by a rack and pinions which necessarily introduce some 
lost motion, In the Bausch & Lomb 8-meter and 12-foot range’ 
finders, this lost motion resulted in a difference of from 150° 
to 300 yards (in different instruments) at 20,000 yards range 
when moving the scales in the direction opposite to that in 
which they had been set together. ‘Consequently, in taking. 
ranges it is advisable to move the scales in the same direction 
as s they’ were moved when setting the scales. ee 
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THE PROSPECTIVE UTILIZATION OF VESSEL-TO- 
SHORE RADIO-COMPASS BEARINGS IN AERIAL. | 
TRANSOCEANIC NAVIGATION... 


“By 


The feasibility radiotelegraph engineers have demon- 
strated in the measurement of. vessel-to-shore bearings by 
radio-compass promises, to have permanent effects upon that 
branch of navigation in, which resort has hitherto been con-. 
fined to observations of the celestial bodies according to the 
principles of nautical astronomy. . It-is a desideratum of im- 
portance that means should be furnished to supply. the existing 
deficiency i in which observations for finding geographical posi, 
tion at sea are precluded when, the. firmament, is clouded or’ 
when the horizon is not visible. In this respect radiotelegraphy_ 
has come to ‘the aid. of nautical astronomy. by, affording. an, 
observation which will become available, for. finding geo-_ 
graphical position with a degree of ‘serviceability advancing 
with the improvement of the radio-compass. Indeed, in its 
present state, the radio-compass is capable of affording prac- 
tical advantages in aerial navigation, which have not hitherto 
been secured by other means. 

It is the purpose here to describe a method of finding the 
latitude and longitude in aerial and marine navigation from 
vessel-to-shore radio-compass bearings, and to follow this 
presentation with the theory upon which it is founded, and ghus 
to provide that engineers may be supplied with the means of | 
performing the mathematical construction, which is printed 
in a reduced form in the accompanying plate, upon a scale 

suited to give results of the requisite accuracy. ; 
"The diagram consists of a projection of the parallels of 
latitude from 68 degrees north to 63 degrees south and of the 
meridians of longitude throughout an extent of 90 degrees, 
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upon which there have been centrally superposed, with ref- 
erence to the intersection of the middle meridian with the 
equator, a hyperbolic scale of latitudes and also a rim of com- 
pass in degrees circuit of 360 

degrees. 
- Having a beating: by 
compass, the observer lays down this bearing by. means of the 


nearly, as say te to ‘the latitude of the vessel, and fickies this 
estimated , latitude upon. the hyperbolic scale of latitudes— 
using the eastern branch when the bearing i is to the westward 
and the western branch when the bearing is to the eastward— 
the line A B is shifted parallel to itself so as to pass through 
the latitude division, L’,:as marked on the hyperbolic scale, 
and the point C where the shifted line L’C intersects the middle 
meridian, is thus determined... Finally a line is.drawn from 
C to a point'L, on the left-hand ‘border scale of latitude mark- 
ing on that*scale the same estimated latitude as was before 
marked on L/ on the hyperbolic scale, and the meridian passing 
through the point, S, where this:line LC or its prolongation — 
intersects ‘the-curve of latitude corresponding to the known 
latitude of the station to which the vessel-to-shore bearing is 
taken will indicate by its number the corresponding longitude — 


of the observer with re to the known longitude of the 
station. 
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It will be evident that the longitude so deduced will be 
the true longitude of the vessel only in case the latitude which 
has been chosen is the true latitude, so that if another value of 
the latitude is chosen and a second value of the longitude is 
deduced from the original vessel-to-shore bearing, following 
the same steps as before, a position-line may be drawn through- 
the two points, thus located by the two chosen latitudes and 
their ‘corresponding longitudes, at some point of which the 
observer must be. located. And if a second vessel-to-shore 
radio-compass bearing be taken at the same time to another 
station, a second position-line may likewise be found whose 
intersection with the first position-line will mark the location 
of the observer in latitude and longitude at the time the bear- 
ings wete taken. 

Example. In an unknown position in the Atlantic Ocean be- 
tween the parallels of latitude of 30 degrees and 35 degrees 
north, observed vessel-to-shore radio-compass bearings of 290 
degrees to Cape Hatteras radio-station in 35 degrees 14 min- 
utes, north, 75 degrees 32 minutes, west, and 329 degrees to 
Cape Cod radio-station in 42 degrees 3 minutes, north, 70 
degrees 5 minutes, west. Find the latitude and longitude of 
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- The lines drawn through these positions upon a chart, show 
by their intersection the observer's geographical position to 
be in latitude 31: degrees 8-10 north in 
degrees 1-3 west. on gmesed 

If a shore-to-vessel is the weasel at the 
sare time as the vessel-to-shore bearing is measured, the fore- 
going process of finding the geographical position becomes 
yet more simple, since it is then unnecessary to find two posi- 
tion-lines or to solve for successive assumed latitudes, because 
the latitude of te be the pres 
pat 

-cos.Lat.vessel : sin.shore-to-vessel bearing : 

eos.Lat.radio-station ‘sin. vessel-to-shore 
This proportion is already computed in Table V of Hydro- 
graphic Office publication No. 200, entitled Altitude, Azimuth, 
and Line of Position, from which the required latitude of the 
vessel may be found, especially if the tabulation is ‘carried out 
in somewhat greater detail, by considering the ven of 
the table to be tenamed as follows: as a 

For Hour Angle substitute Shore-to-Vessel. bearing. : 

For Declination substitute Latitude of shore station. 

For Azimuth substitute Vessel-to-Shore bearing. _ 

_ For Altitude. substitute Latitude of vessel. 


As will appear in the sequel, the. necessary. relations. ton 
performing this solution. for geographical position also exist 
in the Time Azimuth Tables, in which are tabulated the true 
bearing of celestial bodies for stated values of the latitude of 
the observer and the declination and hour-angle of the observed 
celestial body ; and, although in the present state of such tables 
the intervals between the arguments are such as to give rise to 
the ‘hecéssity for interpolation, yet they are entitled to men-— 
tion, since, by opening the tables at the latitude chosen’ by 
estimation and finding the measured vessel-to-shore bearing 
in that column of tabulated values of the azimuth which has — 
at its head a value of the declination equal to the latitude of 
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the shore station to which the radio-compass measurement is 
taken, the longitude from the shore station will be found in 
the hour-angle column opposite to the given bearing. 

Passing now to the theoretical considerations which under- 
lie the construction employed to produce the results which 
have been described, it is only necessary to recognize that the 
vessel-to-shore bearing is identical with the initial course along 
the great-circle track from the vessel to the shore station, and 
so to find a basis for analysis in the formula for finding the 
azimuth or the course in great circle sailing.. The problem of 
finding the initial’course on a great circle track passing between 
two given geographical positions may be stated thus; Given 
two sides and their included angle in a spherical triangle, to 
find the angle opposite to a known side, In Figure 2, let the 
arc ZS represent a great circle track joining the point of 
departure Z with the point of destination S, and let P. repre- 
sent the position of the elevated pole of the earth, then PZ 
and PS will represent arcs of the meridians of longitude pass- 
ing through Zand § respectively, the angle ZPS will represent 
A, the difference of longitude between Z and S, and if 9, is 
the latitude of Z and ¢, the latitude of S, the length of the 
sidés PZ and PS of the spherical triangle PZS will be 90 
degrees —¢,, and 90 degrees respectively. 

From the fundamental formule of ppuerical 
the following relation’ subsists: 


+ cos (90° cos 
or cos = cot C sin'2 + sin g, cos (2) 


Dividing both terms of the fraction. of, the “mou member 
of (3). by: cos 


“Sec g, sin A 
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cation), becomes, die 
cot C (7) 


"Therefore C, the bearing, i is the ‘ous made 
with the axis of Y by. a line joining the points. (x, y) 


and (2’, y’). 
From equation (6), 
x 
= and = tang). 
or 


which is the equation to a hyperbola whose semi-minor and 
semi-major axes are sin 4 and cos A, respectively. Therefore 
the point (+, y) will always be found upon the arc of a hyper- 
bola, — 3, upon whose major axis the corresponding point 


Fig. 3 


Y 

~ 

: 
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(0, y') is found with reference to a scale of tangents repre- 
senting y'==tan ¢». In the construction of the hyperbola in 
the accompanying plate, 4 was taken to_be equal to 45 degrees 
in order that provision might be made always to find the 
latitude of a point 45 degrees of longitude from the vessel 
toward shore station on any given vessel-to-shore bearing, this 
being the extent of longitude from the middle meridian to the 
bounding meridian in the gnomonic projection with point of 
tangency on the equator, which forms the system of papalicis 
and meridians upon which the diagram is based. Bod | 
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CHIEF, OIL, AND LUBRICATION BRANCH, AIR SERVICE, U. S. ARMY. 
‘REPORT TO EQUIPMENT DIVISION, SFECIFICATION. SECTION, 
SIGNAL, CORPS. 


INTRODUCTION. 


The purpose of this work was to Savitep a suitable mineral 
lubricating oi] for use in the aeronautic fixed 
or stationary cylinder type. 

In order to take full advantage of the davetoliaseat = 
already done by the different oil refiners, only oils’ that had 
been fully worked out and found suitable for this type of 
engine were tried out on the engines at the testing laboratory. 
~ Quite naturally, as is generally the case with every product 
manufactured by widely different methods and from different 
raw materials, the oils already developed and put in use at 
the various fields‘and various manufacturing plants varied 
through the widest range, even though the demands made upon 
them were the same. This variation of product for the same 
class of work is a feature that has always existed in the oil 
business and is due to the widely different opinions as to 
what is necessary, influenced by what is available, and to lack 
of definite data and measuring standards. _ 

The need for developing and. standardizing a lubricant, toy 
aircraft engines was very great. Maximum service can not 
be ‘expected. from these engines unless an absolutely. suitable 
oil i is used, The oil in the engine undergoes a very consider- 
able’ physical change which had never been considered in 
connection with this work. The use of this changed oil, which 
is so widely. different from the ere oil, has been the cause 


‘ 
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of many engine failures, and much of the difficulty in opera- 
tion and maintenance can be traced to its use. Military ne- 
cessity requires that aviation engines be kept at a high degree 
of efficiency ; that they be ready at all times to perform their 
duty, and that they be lubricated by the oil that has continu- 
‘ously the greatest factor of ‘safety. Many other features 
have developed as ‘a result of ‘this present work, which will 
have a direct bearing on the operation of these engines. The 
questions of period of renewal of the oil, of effect of the 
gasoline upon the lubricant, of the temperature of the engine 
and of the oil in starting the engines, and the further question 
of reclamation of used oil, storage and all around handling of 
the lubrication and fuel problems in, the: field have. been. the 
direct result of this work. These items all be severed i in 
Separate reports... ... 
The result of the entire ill, that, speci- 
Gcation,: which. is, embodied in this: report and whichis made 
up as a_result of consideration, ofall the factors that have 
been developed, and through the entire system of handling the 
oil and fuel which comes under this.general' subject, we shall 
be able.to secure the maximum life and performance of our 
engines with a.minimum amount of lubricant,and of cost and 
if 
CO-OPERATION BETWEEN THE NAVY AND 
dort ot aldeliays 4 _) CORPS. 


The Signa Corps of the s. Army, at ‘he time this. 
was taken up, had no facilities to make as elaborate tests as 
thos¢ ‘contemplated. The, matter was explained. to the Engin- 
eer-in-Chief of the Navy, Rear Admiral R. s.. Griffin, U 
Navy, who placed at the disposal of the engineers of the Signal 
Corps the very fine apparatus at the cate ms labora- 


as well as the facilities: the. well: equipped. 
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testing laboratories at the Naval Engineering Experiment Sta- 
tion at Annapolis. It would have been impossible to have 
this work this very fine co-operation and 
assistance. 

The: at the Bureau of Standards were also 
used for special readings-on oils tested,’ and special tests ‘were 
also'made in the laboratory of the Tide Water Oil Company 
and: in the chemical laboratories of the Washington ‘Navy 
Yard. The laboratories of ‘the Bureau of Mines, the Galena- 
Signal Oil Company, Franklin, Pa., the Standard Oil Com- 
pany of New York and the Texas Company of New’ York, 
were also called upon for men and ‘instruments, and ‘alt the 
assistance asked for was promptly furnished: 


CO-OPERATION BETWEEN THE, SIGNAL, AND - THE on 


and the entire the test the 
pote with all oil refining and oil.sales companies were 
called upon, for. ideas, and advice in an endeavor to:'make this 
test as comprehensive as possible.,.|-Due. to. the: speed’ with 
which. the. work .was done, it. was quite impossible ‘to include 
all. the ideas of close study-of:'the log 
sheets, especially the. figures showing determinations of ash 
and gasoline, will show that these observations were not made 
during. the first part of the tests; and. where samples were not 
available; for, checking: back, the ‘record incom- 
plete.. Further,,as.is true in other lines! of business, the devel- 
opment jand.:scientific testing work carried on in: the oil busi- 
ness is not published. but is-kept as an asset of the operating 
company,.. Many. features, had.to be considered in developing 
this. oil, and, it can,be, said with) credit to! the oil industry that 
all of their carefully compiled records-were  placed:at our: dis- 
posal freely and without controversy. At the same time, the 
entire industry offered their plants, products, laboratories and 
personnel, and:istated’ that they would’ do’ anything’ that’ was 
asked of: them in connection with the development’ ‘work and 
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in connection with supplies that would have" to be. iidagiilned 
the development work was completed. 


TESTING ORGANIZATION. (SHEET NO. 2). 


_In work of this kind it is necessary that all branches ot the 
organization operate at the same speed. Errors are bound to 
creep in and variations are constantly in evidence, but when 
the practical testing work progresses with the chemical labor- 
atories only one day behind, it is possible to closely. check and 
guide the development. Two instances of the close cones 
tion of the work will illustrate: 

In examining one engine it was found that considerable wear 
_had taken place, due to the unsuitability of the oil:in use, and 
it was necessary to order new rings before the engine could 
-be used for further tests. Within a few hours after receiving 
the above report, the Chief of the laboratory at Annapolis 
called up and stated they had found an excessive amount of 

iron in the used oil samples from the tests of the day before, 
thus checking the wear of the piston rings reported upon by 
the officer in charge of the test. 

Another instance was in the work on clei oil, a quite 
new subject. The laboratory Chief at Annapolis telephoned 
that they had just examined the reclaimed oils which, after 
use, were taken from the engine the day before, and it was 
their opinion that the test engine should run much better with 
a reclaimed oil than it would run with the same oil’when it 
was new. Within a half hour, the dfficer in charge of the 
test called up and reported that the test engine had been ex- 
amined, after opening up for photographing, and it was in 
very much better condition from use of the reclaimed oil as 
far as cleanliness and general lubrication were concerned, 
it was: me use of the: ‘same oil when'new.. 


VARYING FACTORS IN THE, WORK. 


In work. on a large scale and under. high con- 
. ditions, inconsistencies are bound to show in the record. The- 
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-cefttain: effects should. follow.certain causes; prac: 
tically;!jon, this. kind. of, testing, work; some, variable; factor 
operates. at)times.and.the curve does, not. always;,act as,,it 
should)... ‘To. compensate for, these . variables, and. average,.all 
conditions, necessary make.,many. observations, and 
over a considerable: period. of time.and to.use the, same) oper- 
ators and instruments on, the| same stations; and,.everything 
possible. that, good judgment; could on. 
work. 91,26 None ath 

variable. factor due to affected, results 
more than other one,item.:, Carburetion, of, course, is,due 
to,ai number of; features not readily controlled...; The result, of 
variation:in arburetion is ‘a. difference the amount of gaso- 
line used.and.a like difference in, the: amount, escaping, past the 
piston rings during the compression stroke, and contaminating 
the lubricating oil. Power of the engine and temperature of 
the cylinder are likewise affected. It is impossible in a test of 
this ‘nature; operating over’a’ period necessary to complete! the 
work;/ to absolutely control this feature of carburetion so%as 
to eliminate: any variation produced: by ‘this cause; .and in the 
general discussion of the results of these tests, it will:be found 
necessary'to' callattention to ey 
Instruments! and: meters; parts not ‘easily obtainable, 
go out of commission and repairson new equipment cari’not 
be secured in time to’ finish the work—and) this explains the 
lack ‘of some ‘information ‘on ‘certain engines ‘upon “water 
measurements and ‘oil temperature measurements. Variations 
are also bound to’ exist “in laboratory work; ‘anda? ‘certain 
amount’ of latitude must always be ‘allowed; especially’ so in 
this case where samples of all oils were sent’ to the laboratories 
under number only, and in the ease’ of new oils foreach test, 
where the samples were necessarily duplicated, several similar _ 
samples were reported upon at various times without there 
being any indication ‘to’ the laboratory men that: the Gils w 

the same. ’ Thefe is also a further feature, which ‘will be ater 
Worked out—that 'is—in oifs of the ‘nature ‘required for these 
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étigihes there always ’apt to be some slight difference ‘due to 
intiperféct combinitig’of light and ‘heavy’ products; and the ‘vari- 
ation Which“will be‘noted in’ the Mabotatory readings: onthe 
Oi? thight be°due ‘to slight variation inithe oil itself, even 
though the samples ‘came°frotn the same’ package! 
erigines ‘were’ on’ the testing ‘block; ‘they were 
operated’ in: the open ‘air, and the' results will: more nearly: ap- 
proximate those of ‘actual! use than‘ would be the case’ had all 
of the variables that so much affect the work, such as tempera- 
ture and condition of the’air’and the carburetor’ adjustment 
fiecessaty' compensate! for thése variables, been ‘controlled 
and held constant: ‘The rules that’ nécessarily: follow consider- 
ation of the data ‘aceimulated during this test ‘are ‘those that 
will apply to under the 


PRESENT IDEAS IN. REGARD 70 LUBRICATING. On. ate 


“There are certain. things that the technical and practical oil 
man—and even the layman—has always believed and, taught, 
which will, of necessity, have to be discussed at this time., With- 
out going into the subject fully; it can be:stated that, with the 
very best of intentions, there have always) been, strong. advo- 
cates of both high and low. gravity-oils, high and low. flash 
point, of high and viscesity.; ‘Many of the faithful fol- 
lowers of.these, creeds have not been) able, to-investigate the 
matter themselves, and the makers of the creeds have been gov- 


erned almost entirely. by commercial .considerations; and) in 


this, the,oil, business is not-dissimilar -from other btanches, of 

industry.,:It is just.as| well to state briefly the various points 

that havea bearing: on-this subject, with the conclusions 
after of, the results of this;test.. 


00 gravity of an Loi. the source of. the emde, 
which the oil was made, High specific gravity shows that the 
oil originated from an, asphaltic, or naphthene, base, crude; low 
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imidichtes, genenkily; thes she oil-wasmade:éeom 
asparaffine base: crude; and: gravity. indicates,:;gen-— 
etatly, that'thedil was: made, froma! 
thatoit-was made: bya-mixture of the: highiand: low gravity 
oils» The teésts:‘on these engines have Shown hat: while the 
gravity:of thevoils, as:a nile, does not getont! ofrits original 
classification; yetoit varies:considerably from‘hour td hour: as 
the oil undergoes changes) in the» engine, these’ changes: being 
due. entirely: to: result of the mixture :of;gasoline; with ‘a:!pos- 
sible slight change-that' takes, place in. the oil itself; ftom de- 
composition: ‘Gravity, therefore, besides being :valdableias;a 
method: of determining the source! of the original crude; has 
a value! in:checking and determining the amount of gasoline 
or fuel that! the oil:has of operation 


~ 


oFLASH AND FIRE.) 


The flash point of an oilis the)temperature at which: it gives 
off:a-vapor that) willignite and flash» upon: being lighted») The 
fire point is. the: somewhat higher temperature:at): which the 
same? oil will:emit sufficient vapor to steadily: upon being 
lighted. »This: particular: feature:\of. an: as been made.a 
gteat deal of by all oil and:even-those technically inclined 
outside: of: the oil busiriess; high flash .and- fire point» being 
considered::a: very valuable attribute:of»an: oilprobably for 
the reason that one would naturally suppos¢ that this! charac- 
tetistic represented; to a degree, the héat-resisting qualities, and 
when! the oil :was tobe; ised: under high:itemperature’ ¢ondi- 
tions; it was! ‘feature would: 
High: or ‘low: flash: fire: ‘or high specifi 
are due:to basic characteristics of:the original crude. 
Those who: have'had 'the naturally high flash point: oils to sell 
are ‘loud: in: their praise of this: feature; andsthose who . 
with oils not.naturally possessing thisi characteristic, outside of 
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a very) few, ‘are apdlogetic when: the: subject is brought»up. 
‘Naturally, consideration: has only: been »given>to:'the ‘finished 
oilsas manufactured’ and/as they appear-in ‘the drigitial pack- 
ages or in sample! bottles, or upon the records:as represented 
by chemical tests:on the new oils; no thought has been given to 
the flash and fire that the oil would have when in thecrank- 
case'or lubricating system*of an internal combustion-engine. 
‘As a matter fact, as:is clearly demonstrated by the records 
of this test, the flash point of any oil in operation is! practically 
the flash point iof the heavy erid of:such gasoline as is absorbed 
by the lubricant; iand, as will be dealt with later, theipower of 
absorption 'varies with different. oils. »:The point 
uséd-oil varies from the original-to'a less extent than’ the!flash 
point, because«at:the high temperature at which the fire point 
develops all gasoline and most heavy ends have been driven off. 


POUR TEST OR COLD TEST. 


The pour test of an oil:is ‘that temperature at which the oil 
_ will congeal and not move a four-ounce bottle.) In the:case 
of paraffine lubricants;:due to the! wax content:of such oils, the 
pour test:is relatively high. In of the: asphaltic: or 
naphthene base lubricants; due to the absence of wax, the cold 
or pour test is low, these features being entirely due tothe 
natute'of the: oil—considering ‘only the class necessary 
for this particular aero enginé'work. An intermediate cold test 
oil cat be: secured by mixing:the-high and tow cold test oils.::: 
The question of the cold! test of the oil 
for this work: ifthe is handled) properly~in ‘the: fields:in 
accordance with systems that have been designed ‘for the-pur- 
pose of heating the engines before they are placed in operation; 
though low’ cold:test»is, rule, ‘a: valuablevadjunct:to! 
oil:;as | it: allows! \action ‘under low -temperatutes”: when ‘oil 
not possessing this! characteristic: will» be’ set ‘and thereby 
_ tetard the first attempts: to start the engine when everything 
is cdld:: The-solution: of the problem: of’ starting our engities 
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whemthey!aré cold-will not be met by any:low‘cold test: feature 
possessed iby: the oilvitself; but will be! secured: entirely by, the 
mechaivicab handling of the oil;:and this willbe covered in sup- 
plementary report-wnder the heading‘! Oil-Storagesand Re- 
claniation System ‘and Report on Engine: Heaters." 

bfPhercoldotest of an oiljinothe engine: undergoes ai very ine- 
markable transformation, due possibly to the absorptionof 
gasoline or the heavy, ends-from -the gasoline, arid: in| the,case 
of ione or-two oils change was, probably. 
due to separation iof, the: basi¢ oils: used, for making’ the, finished 

ISCOSITY. 


Miscosityis ry term, used to, designate the fluidity, of an_oil. 
This, determination, is, madejon a Saybolt, Universal, Viseos- 
imeter where sixty cubic centimeters, of oil.at.ajfixed, temperar 
ture flow through.a standard orifice, and the; time, of, flow, 
taken in, seconds. The. time in seconds is then used .asia,stan-. 
dard of, measurement, .All.oil possesses fluidity. in, practically 
the same degree with, this\exception—-that at low temperatures 
approaching. the, pour test, of, the oil, the viscosity, af a.naph: 
thene base, lubricant is.very, high|as,compared to. the, viscosity 
of pagaffine hase lubricants of the same general body atjordi- 
nary, temperatures... At, working temperatures above ide- 
grees F,.and, from that on,to 250 degrees there is but slight 
difference, the. viscosity curves and naphtheng 
t sis. isdt 2 ont to iin. 
There, such :conditiom;as “ breaking, down either 
the asphaltic .base, or, paraffine base: lubricant when, subjected 
to heat,.as, shown. by: the, viscosity, curyes., Oils,.from. both 
erudes may have the same. viscosity or body at 250.degrees F., 
or, at working temperatures, and yet vary. in theix, viscosity. at 
lower, temperatures, but this. is not an, indication of, breaking 
-" down in.any sense, of the word; it simply, means that at lower 
temperatures approaching the cold test point of the oil,,the 
paraffine lubricant will be more fluid than the asphaltic base 
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lubricant-until the: pour: point ‘of the oil is’ reached ;when,:in 
the caseof'a'paraffine lubricant, due to its ceasing to flow; there 
will be no ‘further! ‘viscosity ‘determination 
still lower» temperatures: there’ ‘will be: viscosity determina- 
tions possible with! an asphaltic base oil. The above relates 
entirely’ to of in: and 
Am ‘avery in: wisebtity while it 
is working in the engine and-this change’is due entirely ‘to the 
leakage of the ‘gas by the piston rings, and, after condensation, 
to the absorption of its heavy portion by the lubricant and 
possibly to light products thrown off through a slight process 
of decomposition. The power of absorption possessed by the 
lubricant ‘governs the lowering of the visedsity. The’ oil that 
wilt absorb ‘gasoline the least willbe ‘teduced in’ viscosity the 
least: through this cause, and such an oil will more nearly | main- 
tain its origifial body or viscosity while working in ‘the engine 
_than’will/an oil that has’a' greater tendency to absorb gasoline. 
In €very case, as indicated by the charts, every oil has been 
reduced in viscosity 'to'a remarkable extent during the first 
hour of operation.’ Many of ‘the ‘oils’ slightly’ recover’ during 
the ‘balanee ‘of! the’ test, ‘while ‘othé#s ‘contitiue ‘to absorb the 
gasoline and to become’ further reduced in body.” ‘The vis- 
cosity” ‘as taken at 212 degrees F., shows but a’ slight variation 
due to’ gasoline ‘absorption’ ‘as’ at ‘this’ temperature ‘the oilin 
the instrument has given up all of the gasoline and practically 
all of the heavy ends that are responsible for the considerable 
éffect at lower "The viscosities on the and 
used oils’ at 300 degrees F. are practically’ identical within the 
tarige of error of observation. “By consideration of this prin 
ciple of: gasoline absorption it’ will ‘be evident that thé present 
method of selecting a lubricant when new and not’ considering | 
the *vistosity ‘of the Oil ih ‘the engine is radically wrong ‘atid | 
probably,’ ‘to an extent,” actouaits for’ engirie 
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laboratory was by ae ‘method which consisted prac- 
tically of distilling a small portion ‘of the test “oil unitit a residu 
was. left, and then senpatine the weike t t of tl the  Fesidue to the 
wei of ‘the, original, sample. 
the carbon test by the Waters method: as used at ‘the Bureau 
of Standards, is the difference between. ‘the ‘amounts. of the 
sample insoluble ‘i in petroleum ‘ether before and after ‘ oven 
treatment—this difference being reported ‘carbonization,” 
Volume and. Weight Tests, —The sediment contained in a 
sample taken from the circulating system at the end of five 


was itated, and an indication secured | as. to the 


i oif 


‘was Teported the Wate test on a, num 
shows Ghat the r relation between this. test ‘on new and ‘used oil 
was uniform, ‘There is also a. fixed relation between new and — 
used oil readin ngs by the, Conradson method. By both methods, 
the readings on the new oils have Tower values ‘than the read- 
ings on the, used oils. In th ‘following comparisons ' read- 
ings on the oil taken from he engine at the end of five ho ours 
will be used; the figures are given on sheet No. 28. 
1 The chart lines representing ‘the carbonization value by the 
| Waters method: and, the line showing, the. percentage of sedi- 
ment by, weight are very. closely related, especially .comr 
paring, the low specific gravity oils... The: carbonization. value, 
by. the, Waters, method, for. the specific) gravity, oils is 
_ greater than that given the low specific gravity, oils,as compared 


possible in all Teadings.) ‘The sediment was then removed 
: from the oil and weighed in order to secure the percentage 
by weight. ‘This last indication can be taken as a standard 
4 in judging the amount of carbonization, that takes place in 
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to the sediment the value by the Waters 
thod d for specific gravity 

test test, there, being a a ‘ange be Ewen, the tw. 

eral classifications of crudes. Th Conradson. method, 


_ to an extent with the sediment by wi weight measurements of ‘the 


specific, gravity oils but does not c this ‘reading 


je 


which gave the leanest t engines on the tes es t, has the 
[reer Conradson carbon | value for each set, of tests arid’ this 
oil i is reported with a, high’ value by: the ‘Waters 1 me ethod. ‘The 
ion ot. this, oil i in the engine was that it formed a great 
amount. of carbon which came. out, the exhaust i ina pit it 
nner, but this carbon. was not ofa nature, that allowed i it to 
stick ; and accumulate inside the engine, and. no more of this « car 
ben, seemed to go. back i into the oil a num- 
of other oils. | | 


engine were “that showed tt the largest bby 
the Conradson method and the aay value by Waters 
method, with the. Possible exception | of oil B, om lig htest.. oil 
tested; ‘this ‘c oil, for the test. ‘on, the Hall-Scott engine, showed 
an excessive consumption ‘due to its Jight body, and the carbon 
left i in the | “engine was undoubtedly from that. cause. 

With oils of the same. ‘classification as to: rude, ‘the carbon 
content, is felated | to the viscosity ‘of 

oil at degrees E carbon by the 
is directly op 0 the viscos ‘212 deg ace. 

Hetitralize’ the “free acids'in’ one gtani of oil? The “acidity°ot 
all dils'iticreases duritig ‘opetation in’a’ “qitite Consistent manner, 
If it'were ‘tiot! for the ‘fact’ that the oil Having the Highest acid 
number of any of those’ testéd operated in most successful 
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paving than id had lett With 
any other oil; there would'be some interestifig information that 
could’ be deduced’ from this observation.’ “As tong as acid 
humbér does ‘hot séém to’ itidicdte’ any desirable’ quality in ‘an 
oil’ atid ‘ofi*the ‘basis of ‘the *pérfect operation Of the one’ oil 
having a Kigh acid ‘value; ‘the Coricltision was reached that this 
détermiitiation is of ‘little practical valie for the work! in hand. 
The ‘developmetit! ‘of the ‘reclamation ‘system, “where “the” oil 
was ‘recovered ‘by a water atid'soda' ash treatment 
of ‘oil It ‘was ‘then found ‘that’ oils’ of high’ acid 
value ould tiot be reclaimed. ' ebire 
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According to, ‘Technologic ‘pape 86, ‘published by. the 
Bureau of Standards, on page Appears the | 
“ Transformer oils, as a rule, have a demulsibility of 1 200 
is an indication of great purity.” sige! pres 
As‘, 200 represents an oil of great | rity, zero at’ ‘the ‘other 
end of the’ ‘scale i taken’ to represent an ‘unsuitable ering 4 
The ‘of ‘the oif on test? No. B showed’ a Valtie 6 
109; ‘this oil Ww: was hot at all satisfactory on account df the rat 
sive ‘consumption and carbon. Four Other oils ‘were ‘feported 
upon with: tower. numerical ‘values ; ‘the thitty-dne other tests 
have been ‘reported upon as zeto oF without any Valué what- 
ever.” From the results df this Series OF ‘tests, it can 7 
that the test for  Demulsibifity, has ‘hg fl | 
the compression stroke, when, the charge of gasis 
being compressed,in, the cylinder at, pressures, as high as;120 
pounds per square inch, there is a,leakage past the rings. and 
this gas, upon reaching the crank cage, is.condensed, the heavy 
cm of the gasoline being absorbed by the lubricant. Should 


- ag 
. 
. 
‘ 
- 


58 LIBERTY, AERO. OU, 


the lubricant be;working at constant.low temperatures, it would 
hold greater proportion of, gasoline heavy ends than would 
be, the, case were the oil working ata; temperature that would 
drive off most, of. this light. product... This is, proven. by, the 
results, of this test where, the engine, that, operated iat, the 
highest: temperature allowed the, same oil.to.operate| at higher 
flash and. higher viscosity, after the same length of time than 
was.the case.in another engine where, the;oil.was, much, colder 


(see,tests .It.is.also. to. be noted that, different 


oils. possess. the virtue of holding or not holding, these heavy 


- ends in different degrees, as can be. noted, by comparing, the 


drop in flash of the low specific gravity oil on test No. 15 with 


the very much less drop of the high specific gravity oil on test 


No. 19, the readings being as follows: 

Test No. 15 Flash when new, 440 degrees F.; ; after 5 hours 
180 degrees F, 

Test, No. 19 Flash ‘when ne new, 390 degrees F,; after 5. 
200 degrees F. 

This feature, checks through the test sid shows ‘that, as 2 a 


tule,. the oils, that are of high specific gravity ‘seem to possess 


the power of not absorbing the heavy ends of the escaped gaso- 
line, though two low specific gravity oils also seem to: possess 
this characteristic when working i in.some of the engines. It 
may be that this characteristic i in a, heavy lubricating. oil is not 
entirely a matter that i is governed by the crude, as would seem 
to be strongly indicated; it may. be a charac ristic that has to 
do with the manufacture of. the oib. 

Dr. J. B. Garner of the Mellon Institute of “Industrial Re. 
search has conducted experiments that have not been released 
for publication, which,.indicate that the nature of the crude 
from which the oil is made has a great deal to do with the 


absorbent ‘quality, ‘and’ that there’ is no ‘relation between this 


quality and viscosity.” “In’a signed statertient; which ‘is to be 
found in the originat: records of! ‘he 
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JofBhe: absorbent iquality:.of the-asphaltum::base |distil- 
lates, having the distillation ‘range, is! always than 
that of the paraffine base distillates. 

“2. California Mineral Seal, the best asphaltum besser 
tillate; ‘hasan absorbent quality of of ‘that 
Eastern’ Mitietal ‘Seal, the’ best’ 
absorbent’ distillate.” 19. of dogo 6.10 

The latge nuntber. of experiments. ‘that 
led’ to’ this ‘conclusion ‘were°made by the’ Mellon Institute’ for 
the purpose ‘of finding thé oil that would absorb gasoline to 
the greatest’ From a’ close consideration ‘ofall’ the 
facts ‘and charts resiilting’ from ‘the present! work, the’ oil for 
the lubrication of' the aircraft engine ‘should be an’ oil) that 
will absorb’ gasoline to'the least’ extent as’ such an oil! wil 
undergo the slightest charige in it the Fo. 

Tt 

The in starting engines, is;to. prime 
seedy with, gasoline, especially..on cold. mornings... At) seme 
‘fields lubricating oil, is: mixed with gasoline in order to) ease 
the engine when jit finally; does, start,, Cases are on record 
where priming was resorted to to such an extent) that; the 
gasoline, which had run down into the. crank, case, exploded 
_and wrecked thejengine. Other cases are on record where, due 
to priming and, washing: the, lubricant from .the,walls the 
cylinders, damage was done immediately when the.engine was 
started,-before the lubricant could get ‘between the surfaces. 
There.is no, question but that heating .an.engine,.if, only. by 
putting steam through the water circulating system, will allow 
an easy start/and a.quick getaway. without priming,; The rea- 
son is that the oil is made more fluid on,account of the heating 
and therefore circulates more, freely... It seems, wise to estab- 
lish a complete heating, system: if only:to overcome ithe neces- 
sity for: priming. with the consequent danger and damage, to 
the engine, . From a military point;of view,.the quick, getaway 
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should warrant anyisystem that; would make the engines im- 
soDhe clearances that are allowed, for bearings lubricated, by 
means. ofia forced feed: system mustibe considered in) the light 
of a check or throttle valve to the outlet of the:system,.,.Close 
clearances, have. the .effect of, ;checking. the, flow..of 
reducing the outlet; wide clearances. allow, of the free passage 
of the;lubricant. | Close. clearances are always accompanied by 
pump pressure.as.compared to wide clearances -with the 
same: lubricant; therefore, .with .the same, lubricant, higher 
pump pressure canbe. secured by reducing. the clearances, 
With:ithe, reduction in,clearance there.is,a\ reduction in the 
amount of oil that flows:through the, bearing, |. With, the same 
clearance it is necessary to decrease the body of the lubricant 
to increase the flow. In starting,an engine with cold oil the 
pump pressure is high; this pressure falls as the body of the 
oil is! reduced; ‘first, by ‘the: heat’ taken” from! the ‘piston and 
cylinders ; second; ftom the’ heat! generated ‘by the oil'in work- 
ing through ’the'system and'bearings,'and third, by the gasoline 
vapor’ that has leaked by' the rinigs has fecondensed ant: is*held 
by us done. o}..0} exw .gonaing, 
heat of a’bearing, not rit by’ outside 
is’ latgely’ ‘due’ to! the ‘fluid’ friction of. the: fabricant; the’ rule 
being ‘that the ‘heavier the body of! the oil, thé higher will be 
the heat:duet friction: With'the ‘same Iubricant'on a bearing 
ati iricfeased flow will ‘reduce thé heat ‘by ‘simply ‘carryirige it 
away ‘and not allowing it to‘accumulate; thete’is, therefore; an 
automatic adjustment ‘in the forced feed'system ‘with’a heavy 
‘a bearitig heats,’ the ‘oil feed “increases due*to the oil 
lighter ‘it? body, ‘and this *increaséd ‘tends' 
reduce the température of ‘the’ bearitig and ‘as the temperature 
is reduced ‘the “body ‘of ‘the oil ‘gets heavier and the flow’ is 
checked:': It is’ only ‘necessary to ‘have 4 large ‘enough’ ‘supply 
of oil'and’a sufficiently large ‘puthp to work with any-clearance 
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to make over-heating almost>impossible’ except: inthe case: of 
accidents to to syiigine ‘gnisd 
otemperature range: of the: crank case ofthe 
Curtiss: Oxx2 «engine on these ‘tests was: from! 110;to, 140; de- 
grees’ on the: Hall-Scott, 115. to165 degrees 
the Sturtevant, 192: degrees: The! viscosities of oil 
Avand oil'D) representing nearly the heaviest and: lightest. oils 
usedion the entire:test, were as) follows iGo DStest 


ridiw 


Oil A sisiniily ABBnibio 


“Th fitting a ertain clearance, to ‘be’ at ‘all effective, 
must be ‘taken | into ‘consideration the body ‘of ‘the oil 
the. “temperature. After securit “necessary 


tre 


tao to uP (beret be 9759 lio brs 


down the. results of the tests | $0. that a solution 
of the problem can be found, the tests that are feported on 
sheet No. 30.as giving only “ fair” and “ poor”. lubrication will 
be eliminated. , This leaves, seve tests on the Curtiss V2C10, 
three; tests on the Curtiss V2C3, ; our tests on ‘the Curtiss Oxx2 
and, four tests on the Hall-Scott ‘engine. Data from all these 
into the following discussion, 
ri The Curtis, V2C3 engine. was the hardest t to lubricate ‘of ‘all 
the, engines tested... ‘The fact that it has been generally, found 
necessary to lubricate all Curtiss engines of this ‘size .with 

mixtures of castor and heavy mineral oil justifies the con- 


kept in uniform condition, one standardized set of clearances | 
and to | the oil at as uniform ; as is 
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clusion that: this :particular make! ofiengine could: be taken as 
being representative of this classification of engine as:far)as 
difficult lubrication requirenients are concerned; for the réason 
that’ ‘any operator examining the engine after-any one of: the 
tuns, ‘where the rings were! stuck and thé piston scored; would, 
in the light of the ‘present: practice, immediately: start :the en- 
gine'off on'a mixture of castor and heavy mineral Gili. Of the 
eight oils tested on this engine only two have perfect ‘records— 
test No. 19 with a medium amount of the semi-hard carbon 
and.No, 30 with a: slight amount of the. hard carbon. A_yery 
close atialysis of the resifits on this one engine is used in de- 
ciding the ultimate specification. 
The ‘Oxx2 Curtiss engine shows tests (No. 10 and No.'13 
with the best records. It is unfortunate that this engine * went 


out of commission before the program « ‘of tests could be carried 


out, especially 2 as this engine being small ‘in size would have 
given. some very interesting data with the high’ specific gravity 
oils. This engine was used for the test on the teclaimed oil 
which shows one tight piston rin; but. otherwise presents a 
perfect record, _A very close analysis of the tests Nos. 10 and 
18 on this engine ‘will help to influence ‘the final specification. 
‘The Curtiss V2C10 was a new engine right from the shops, 
and all oils gave good results witha medium quantity of car- 
bon which varied in nature. Study of the results of the tests 
on this engine shows that the’ consumption of oil is, entirely 
and only, related to the body of the oil as’ ‘indicated by the 
viscosity at 212 degrees F. The two curves, representing Coni- 
sumption and ‘viscosity, are exactly ‘opposed at all’ ‘points? Tt 
is, therefore, possible, corisumption’ per’ horse- 
ted hour of a li ght and a heavy oil; to chart a viscosity curve 
rom which to aie! the’ consumption of any intétmediate 
viscosity oil. The effect of the absorption of gasoline between, 
high specific gravity oil, No. 1'7;’ and tow ‘specific gravity’ oil, 


No. 82, with the amount of haw “sin from each oil 


is of interest. 


i 
a 
> 
| 
: 
| 


LIBERTY Ott. 63 


lin. send. onifisasg galt 2-03. .2lio 10, 


silt. 299799 (th tedweoimoe od 
lig..odt to: ybod See, ond Depo Fs ‘Deg. 


pw? 


‘the e entire ‘effect upon Viscosity and. flash of 
The series of tests tipon, the he, Halt Scott engine. was of a 
highly’ nature as - ‘it, was possible. to. run. through 
more than e regular program on this, engine, and full and 


interesting data v was secured. The highest flash and fire test 


oil gave the ‘Poorest ‘lubrication and, one ‘exception, the 
oils listed as giving only, fair lubrication were the high. fire 
test oils. The oils on tests 31 and 32 can be selected as hav- 
ing “produced the best effect as these. oils, are reported as mak- 
ing. a semi-hard carbon of slight quantity, ‘the lubrication be- 
ing good in each case. of two oils vary 


is necessary to have an oil for this work that swill:change 
the least while working in the engine. This oil must also leave 
the engine clean and” well ‘lubricated. Any ob jectionable 
amount jof ‘carbon; that ‘is formed: by the’ oil should ‘pass ‘out 
of the exhaust and:not ‘remain in the: engine,:and that «atbon 
which does remain in the engine «must not build up into ridges 
or be hard-andiadhesive; but must be loose and flaky and easily 
removed;'::The eold or pour test! ofthe oil Should ‘also be 
Jow as /possible!); Such an oil shOuldcalso be ‘easily anid 
reclaimed,'and after reclaiming, work in the: 

tris necessary; due to: the: in the 


to the characteristic difference’ in the viseosity etitves 
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| test and to the viscosity at 212 degrees Re va; 
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of both classes of oils, to ify that the paraffine base oil | 
be somewhat heavier in viscosity at/212 degrees F. than the 


asphaltic or. maphthene base pg so that it wilk be possible 'fo 
standardize clearancescon the-basis of. the body of the oil 
being the same in the engine’ “at working temperatures irrespec- 
tive of classification’ of the’ crude.* The indication of the 
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Oils classed’ as “ high’ Specific gravity, oils” shall ‘be’ “those 
having’ a specific: ‘gravity above .9100 (or below 24° degrees 
Baumé conversion by the "Tagliabue Manual ‘9th Edition, or 
below 23.85 ° ‘degrees Baumé conversion by the’ Bureau of 
Standards” ‘conversion table, ‘citcular No. 57); the: pour test 
shall be below 15 degrees F. by the method of the American 


Society for ‘Testing Materials. 


“Oils dlassed a8 “low specific gravity oils” shall those hay- 


: ing a specific gravity below 9100 ‘(or above 24 degrees Baumé 


conversion by the Tagliabue Manual 9th Edition, or above 
23.85 degrees Baumé conversion by the Bureau of Standards’ 
conversion table, circular No. 57); the pour.test ‘shall be above 
15 degrees F. by the method of the American Bociety for 
2idt toh lio ns ovad of 


"SPECIFICATIONS. 


object, of this. work was to allow of: a 
fication covering a: suitable mineral lubricating ‘oil: for use on 
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aircraft engines of the stationary cylinder type. After! care- 


ful consideration of all the facts:presented:by the various'‘tests 

with; facts that have been deduced fromthe experiments ‘on 
reclaiming. as well.as thos¢: that ‘have: resulted>ftom the very 
complete. gasoline’ tests, which -havei been part: of: this general 
work but have been reported upon ‘separately, and considering 
also, the,supply of oil: and the iprice, and, :in the:actuat writing 
of, the specifications, eliminating all those:factors that have°ro 


. 
| 
.  the"c6id or pour test. ‘The chart, sheet No. 1, shows the rela- 
ion of these facto 9 the Conradson carbo ‘est, the Waters er tT 
| 1 
4 
a | 
4 
| 
q | 
| | 
| 


LIBERTY! ‘AERO! O11, 65 


beairing ‘on’ the *subject; ‘the: spedifieation’ shalb consist in‘ its 
éssential iparts.as follows od enonsie gnitatels 
Aero Oil shallibe a-pure, highly) refined ipetro- 
leum product; neutral in action and shall not show the presence 
of :moisture,' sulphonates, soap, tarry ‘constitdents 
which would: indicate adulteration or ‘lack proper! refining! 
This oil shall be:suitabletin:every way: for'the entire Iubrica- 
tion of stationary ‘cylinderaero ‘engities (operating “under ‘all 
conditions.' ‘The viscosity of the finished oil‘at'212 degrees F! 
on the Saybolt Universal Viscosimeter shall be: from! 85° to 
90'seconds for the low specific gravity oils and’from 75 
seconds for the: high specific’ gravity ‘oils’ The flash point'of 
the finished oil shall be ‘over 350 degrees’ F. in ‘the ‘Cleveland 
open cup. The pour test: for the low specific: gravity ‘Gils shall 
not be over 40 degrees F., and for the high specific ‘gravity oils 
not over 15 degrees‘F. The oil shall not contain or show'a 
carbon residue of over 1.5 per cent by the modified een 
method, and the nature of the carbon shall be loose and 
and shall easily break up in the crucible, and the oil ‘must be 
clear of water after one ounce of, 0 one ounce. of. dis- 
tilled water, heated at 180 degrees F. are shaken vigorously 
for five minutes and left standing 
Reprints describing. the. above. referred. to,; 
methods will be with the 


is in to balance ail to use a.yery 
extra heavy ¢ oil, and this. oil should be placed. in the en ing 
after it has been heated to 160 degrees order to ore 
readily acconiplish’ the’ result for which “hot Oil is put in the 
‘engine, hot water should also’ be’ ‘ptit i in the water ‘circulating 
system. | This heating ofthe engine should be:the-estab- 
lished ‘practice: summer. and wititer: wherever’ the 
nécessary equipment should always accompany ’the:squadron 
to make this possible. All oil should be removed -from the 
engines every night and should be sent to the reclaimers for . 
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removal of; the \residue| and heavy ends: of gasoline. Re- 


claiming stations should be established:at! the flying fiélds:and 


should !accompany the \base supply depots:-in active. ‘service. 
All ef: this! careis:for the good: of the’ engine;: to-relieye' the 
strain in starting and to:keep the oil in the very best:of condi- 
tion: that nothing ican possibly: happem on iaccouht of Inbti- 
cation, or, the failure of the lubricating system.’ eu! 


absolutely. depend upon) our'American oil tefiners- 


to furnish, us with the finest oils: that it-is possible to produce, 


made up in accordance the above specification ;:and ‘with 
the care, in, handling in the field, ‘which will-be assured: bythe 
very, complete oil house and: supervising system, it canbe 


stated, that the oil man canigo no further with the service 


he render: An oil that/ has been scientifically developed, 


°° WILLIAM’ A.M. Ss. 

sighal Corps, United States: Army, 
Specification Sec. 

submittiig this report’ ‘the’ officer to it is 
directed, a conference’ was ‘had with the following officers and 
representatives of the Navy, officers and representatives 
of the Signal Corps of the, U.S. Army, and the producers 
members of Committee D-2 on Lubricants of the American 
Society for Testing Materials: 


U. Navy—Commander 0. Hisher, Lieut: K. Mallory, 
G, O'Neil, Chief Chemist, 
Station, U. Ss. N,, Annapolis, Jon 

 Army--Major Gerhart}: Signal Corps) U.S: 

sift 10. J. May, Signal: S> A.3'Geo.'F. 
Fenno,! Av Mik; Wm. -F. Parish,» Ei; 
aft $. 4d Dione fo TA tdtezog elt OF 


| 
4 ~ | 


Producer Members of Committee D-2. 

American Society for Testing Materialk—P. H. Conradson 
(Galena-Signal Oil Company), F. R. Baxter (Vacuum ~ 
Oil Company), F. C. Robinson (Atlantic Refining Com- 

\»wpany), K. G. Mackenzie (The Texas Company). 

In the discussion that followed the reading of the report and 
the presentation of the results ofethe test, the specification was 
changed. from 45 degrees F. pour test: “for the low specific 
gravity oils to 40 degrees: F., and from'1 per cent Contadson 
carbon to 4.5 per cent, and as a further result of the discus- 
sion it -was decided to describe the nature of the carbon.: It 
was also suggested that the clause in regard to the cheinical 
purity of the oil be made more specific and therefore the clause 
contained in the Bureau of Steam Engineering: circular of 
February 7, 1916, has been included: Further, it was.sug- 
gested that definite limiting characteristics of high and low 
specific gravity oils be given. The final part of the report has 
been rewritten to include the Producers’ suggestion. =~ Ry 

Tt was finally agreed by the Producers making up the pro- 
ducer. section of Committee D-2 that the Specifications as cor- 
rected and contained in this report will allow of the ep 
of the finest of oils under each classification of crude. . 

‘The charts referred to in the preceding text, eal with 
_a number of others which were considered in va the 
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No. 1. 
This chart shows the relation between specific gravity, viscosity of~the oil at 
| 212 degrees F., pour test, and the carbon test as run on the Conradson og poe 
i which been approved by the A. S. T. M. and the Bureau of Standards Waters 
carbon test. It will be noted that the Wat test follows generally the line of 
specific gravity and that the Conradson test follows the line of viscosity. 
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Chart’ made from the summar, Hall-Scott 
ine. This chart shows the ch cosity of the 
q = the - while operating. It also 
onditions. of the test. : 
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ENGINE PERFORMANCE CHART 
No. 14. 
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Chart showing engine performance of the Curtiss 200 H.P. engine with different 


kinds of oil. 
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SUMMARY CHART. CURTISS 3799 200 16 
age aH 
SuHeeEr No. 16. 
Chart made of Ml rt, showing change that has taken ‘ 
H.P. V-2-C-10 engine. 
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ENGINE PERFORMANCE CHART 
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LIBERTY AERO OIL. 


OIL SAMPLE RECORD 


SHEET 


“ENGINE SAMPLE NUMBERS 

2 | 4-1-17| CURTISS | YA 2 3 4 6 6} 7 
4 |-9-17| STURTEVANT | 5A A 4A | 

5 |\H-10-17\ CURTISS B 1/7 | 79 | 201 ea | 

6 CURTISS v2C3| A | 23 | | 25 | 26 | | 28 

7 CURTISS 29 | 30 | | 32 | IF | 

HALL-SCOTT \|ATA| A 35 | 3% | 37 | 38 359 | 40 

9 |W-14-17| STURTEVANT | 5A D | 4 | 42 | 49'| 44 46 

10 CURTISS | 46 | 47 | 46 | 49 | 50 | 

CURTISS & | | S53 | 54 | 5F | 56 | 57 

18 \H-71T| HALL-SCOTT \|ATA | E | 58 | 59 | 60 | 61 | 62 | 63 

13 \H-10-17| CURTISS OxXXE | Hf 64 | 65 | 66 | 67 | 66 | 69 

M4 \2017| HALL-SCOTT \|ATA |) 7O| WwW | 72 | 73 |. 74 | 76 

CURTISS V2C3| 76 77. |-78 | 79 \er 

6 CURTISS C |} 62.| 83 | 64.| 85 |.86.).87 

17 CURTISS K | 66 | 89 | 90 | | 92 193 
18 HALL-SCOTT | 94 | 95 | 96 97 | 98 | 99 

19 CURTISS vecs| y |ror 104 

20 CURTISS A 1108 | 107 | 108 | 109 \110 

23 |\W2717\ HALL- SCOTT ATA | | 124 125 126 127 \ 128 
24 |-2717| CURTISS. ~ veces | & | 90 | 13/ | 132 | | 134 

25 CURTISS | 736. 197 \ | 139 140 

26 | HALL SCOTT |\AZA | | 142 | 143 | 144) 148 | 146 

27 |4-3017| CURTISS - F 148 | 449) 160 | \ 452 
28 | l2-1-17| CURTISS V2CIO| G | 153 | 154 | 155. | 157 | 
CURTISS G. | /65 | 466 | /67 | 168 | 170 

| CURTISS V2C10 177 | 178 \ 179 180 181 \ 182 
53 | CURTISS V263 1/63 | 107 

54 \18-$-l7| HALL-SCOTT \A7A | 190 | /94 \192 | 194 
\s2-6-17| CURTISS V2CIO! 1195 | 196 | 197 | 798 | 193 | 200 
36 CURTISS vecio| £ 20/ | 208 | £09 | 204 | 203 | 206 
37 \l2-677| HALL-SCOTT |A7A 207 | 208 | 209 | 2/0 | 211 | 


taken from the varios engines, 
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LIBERTY AERO. OIL. 


& 


+- 
INE sy 
USER 
(TS WO. | 
£2 4 67. 0.58 | 0.99 0.28. 14 
2.16. 442 1.49 | 0.31 057 BARK 
¢ Si P50 -| 63.3 0.04 0.23 77 
13 3.6 Tre 0.10 DARE | 
16 a7 J. 965445? | 029 | 0.37 72 
226 | 65 7351. | 013 | 
57. 2. 3.65 741 0.48 (24 
| 3 Sh 736 020 | 034 
10g 2. 2. 100 | 456 059 | 7 
24 134 0. | 35.3. 1.78 2.46 18 
27_ AIS 3.25 4/.é 2.43 1.94 . 95 
go [770 0.51 2.79 | 43.4 165 0.31 0.865 +4 
FEMA W771 | 280 399.9] ise | 0.96 0.62 30 
CURTISS + 
| 7 | 746.1037 | 20 
7.3 i ‘ 
| 28 | 12 59.3 144 020 51 128 
32. | 162 77. 423 205 | 6 24 
| IS. 200 1.99 433 | 0.34 047 | 25 
206. 22 33 207 0.27 1+ 
401 4 a5 2.49 | 665 09 209 | 037 
63 Lo 30__| 0.09 | 043 | 268 
“12 582 £46 0.23 0.35 22 
4 0.25 | 420) 654 | 1-02} | 36. 
2 SNE “5 1.56 0.72 | 27 
| 728 ks “7 756 | 90.2 25) | 119 | 30 
26 | 146 | 400 0.96 064 |. 20 | 
34. 194. 42 S27. 210 036 
i2- 0.5 52 10 0.32 7 
4 45 2.60. 0.9, 
Table-siyi the readings of percentage of ine. contained in each of the last 
samp! entire series of tests as shown first by. the W Navy Yard 


verage room rin; ne 1s e 

ent weight and volume, 
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LIBERTY AERO OIL. 


MP : NP 
CONS UMP-T/ON | GASOLINE 

2 | &90\ 1718 | 718 | 443 | | | O16 

18-35 | $3.10 | 1780\ 3965 | 6.73 | | 89.2 
7 406 | O | 9.85"| 8.75 | 175 | 0184 | .6702| 

£. 10.2 | 18.10 41.30 | 2.26 | .0848 | .7740) 90.1 
16.85 | 46.40 | 10-60} 13.16 | 263 | 0884|..6024| 916 
20 a 16.40 | 11.10 £160.\ 7.96 | 1.60 |.0280| .6572| 608 
16 9.18 | 7,55 | (640) /1.20| B84 | 0243 | 98.) 

CURTISS V2C3 1400em 

a 50.40\ 16.60 | 35.2 | 208 | 44 | | 0330 163.3 

“ 59.50 | 2078 | 3106 621 | 0968 | .9720) 1721 
99.65| 183. | 30.66| 26.5 | 530 | | .7944| 
v Gad, 41.60 | 30.08 | 3658 | 56.07 |. 8.76 | .0494| | 1774 

a $9.70 | S086 |4005 | 52.20) 624 | 0360 | 6963 | 1752 
27 41.05 | 2685 | 52.90 | 36.06 | 7.01 | .042/ | .8234| 166.6 
30 G 44.22 | 22,20| 32.05 | 3347 |'6.69 | .0970 | .66/8 | 180.7 

41.0 | 36.085| 3765 | 38.20| 764 | | .6367'| 1703 
CURTISS VE CIO NI S700 

96.50 | A180 | 2718 |\4866 | 9.73 | .0560 | .6638| 1753 

37.90 | 40:80 | 2730 | 60-10 112.08 | 0640 | 6516 
26 a2. 2 44.78 | 26:18 | 36.40| 7.08 | | 
28 43.10 | 25.00 | 53.50 | 38.60) 6.54 | 0386 | 6702 |1844_ 
a 4220 | (260 | 38.63 | | 4.63 | 0255 | 6776 | 18-5 

44.75 26:10 | FS.67 | | 644 0413 | 1703 

41.40) 24.6 357-5 | 6.75 | | .6771 | 1780 

HALL-SCOTT ATA 1001 (4000 

a 16.60} 17.70 | \16.38}3 B27 | 03963 | aot 

42 18.10 | 18.78 17.08 |/6B0| | 036/ | 7311 | 924 

A 16.85 | 13.40 \21.25\ 4.25 | .0456.| .5019\ 92.2 

“| 46.45 | 16:00 12.00 2925 4.66 | | .6236| 608 
Vv | 12.601 25.00 | /2.30\26.10| 522 | .0850 | 
as 4 19:00 | 18.85 | 11-00} 439 | 0446 | 6090} 985 

26 18.58 BOBO | 17.25 |\21.60| | | 8718 | O41 

iw 24.20 | 10.70 | 20.00 | 23.90} 478 | .0605 | .56438 | 937 

“a _4 20:95 | 60.20 | 2690|5425| | 0860] 6031 | 
9 10.05 | 63.06 | 36.25|3685 | 11.64 | 1006 | .6603 | 115.7 
4 

Sueet No. 29. 


Oil and gasoline consumption record for the 


entire series of tests. 
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Sueet No. 30. : 


This is the final and last analytical sheet of the entire test, containing in a 
reduced form all of the necessary data taken from the practical observations of the 
co! of experts. The data shown on this sheet gave a picture of the mechanical 
and lubricating conditions of each of the engines after test, and had a very consid- 
erable bearing on the final conclusions reached after a study of all of the data. 
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Battleship No. 42, the Idaho, is one.of three vessels. author- 
by an Act. of Congress: approved, June The 
other two vessels of the class are U.S. S. New Mexico and 
VoSioS. ont 2i doob 
The Idaho: was built, by 2 the, New Mork: Shipbuilding, ‘Cor- 
poration, of Camden, N. J., at a price of $7,250,000.00, ex- 
elusive of all.main armor and the 444°) 

The. contract for, the: construction of vessel’ was: signed 
November 9, 1914, and:a little: more, than!two months later, 
January 20, 1915, the keel,of the. vesseli was laid; On-June:30, 
1917, the Jdaho was launched; but owing: to:the war :she was 
not commissioned until March 29, 1919, preference being given 

to: the construction: and conipletion, ofthe: destroyer: program, 
vessels were, toicombat) the German ‘sub- 


1 tafisow. oft no Hts 2 e 
Lanth perpendicillars, feet and 
extreme, on L.W.L eet and inches 


Draug. to) L.W.Ly feet. and) inches. . 


midship section ........... -abio (0,979 


WER MEX x 


100 U. S. S. IDAHO. 


GENERAL DESCRIPTION OF HULL. 


In profile the Idaho closely resembles the Pennsylvania 
class. She has one smoke pipe, four turrets and two masts 
of the customary cage type, which are provided with spotters’ 
tops, wireless, signal yards, etc. ‘There are eight 36-inch 
searchlights, four on each mast, and two 24-inch signal search- 
lights mounted on the signal bridge. 

Superstructure Deck and Bridges.—The superstructure 
deck extends’ from turret II to frame No. 87. On it are 
‘mounted ‘four 5-inch guns,'the anti-aircraft guns, stowage of 
‘boats, foundry and blacksmith shop, ‘etc. Above the super- 
structure deck is the bridge deck, where \the chart house is 
tocated: ‘The navigating bridge is on top of the oe 
-and just behind the conning tower, © (69 0” 

Upper Deck.—This' deck extends from the bow we au 
half thelength of the vessel. Forward are windlass, two 
electric deck winches and'turrets I and II. Aft of the turrets 
tenoguns'of the’ 5-inch battery are°mounited in a casemate, 
which also contains the and 
shop, bakery, etc, 

Main Deck.—The main: deck i isa the 
hireale in: upper’ deck: the ‘covered portion forward are 
crew’s quarters, and aft on the weather portion are ‘turrets 
III and IV, two electric deck winches and an electric capstan. 

Second Deck.—From forward’ aft are located chief petty 
officers’ quarters, sick bay, crew's space;) junior and warrant 
officers’ quarters, wardroom officers’ quasters,' and the Cap- 
tain’s quarters. 

Third Deck—On this deck, beginning forward, are stores, 
windlass machinery, prison,. firemen’s washrooms, boat crane 
machinery, radio room, cold-storage’ rooms, ‘laundry, general 
‘workshop and coppersmith’s. ‘outfit, enginéer’s tool issuing 
‘Toom, crew’s space, provisions, and: -wardroom. staterooms aft. 


The first and second platforms and the hold are next below : 
inthe order named. 
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COMPLEMENT. 

is made for the following complement: 


“The main battery ‘¥4-inch ‘guns, arranged” 
it’ four 'threetgunt “turrets ‘along the venter line of the vessel. 
Turrets*I and Il are’ grouped ‘forward°on°the upperdeck, the! 
latter’ firing’ over ‘the ‘top of the! former, atid TV aiid" HP are! 
similarly arrarigedon the main deek 

The secondary battery, of fourteen 5-inch rapid-fire guns 
for torpedo defense, is dividéd ‘starboard and port as follows: 
four. on superstructure deck and. ten inslosert 


upper, deck.:.., Sh 
The. 5-inch is, served: eighteen am, 
munition hoists. orl Lav 
~The folloming: smaller guns arealso, provided: 
“4 83-inch anti-aircraft guns; 
2 1-pounder guns for boats; 
2 3-inch field pieces ; 
ispust to brevrro? bas + 


The torpédo: equipment “consists ‘of four ‘by 212 
inch Aubmerged taped 7709 rd ore TEA 


tis 

| 


102: Un S:S, IDAHO:; 
SMALL, BOATS: CARRIED. 


The following, small boats, the 
allowance: 


fi 

2 50-foot motor sailing launches ;. 
40-foot motor sailing launches; 


_ 2 80-foot whale boats ; 
2 20-foot dinghies ; 


All boats are carried on the superstructure deck, port and 
starboard, except the whale boats, which are — in davits 
at the ship’s side abreast turret 

‘Two electrically-operated; boat: cranes, are: prowided: for: 
handling: all, boats, except the whale, boats... Each ctane. has’ 
two operating gears, one for turning and the other for hoist-) 
ing, driven 60 and E. motors, 
emg rfont- to ,yrotisd 


windlass, ‘of’ the ‘Hyde’ Windlass $ 
design, is located on the upper deck forward, with driving 
geat below on’ the first ‘platform: “The windlass is driven by 
two 175-horsepower G. E. motors, through worm gearing’ 
and shafting, and so’attanged that the wildcats can be ‘opetated 
or independently of each other. 4 
WINCHES. | as 

Four electric-driyen, deck are 
provided, two forward oni the apper deck,arid:two aft of the 
main deck, port and starboard, forward of turret III. Three 
were furnished by the Hyde Windlass:Co. and-one’ bySi Floty. 
All are driven by GE. corti 
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Us IDAHO. 103) 
A Hyde Windlass Co.’s electric capstan is located on the 
main deck, center line, abaft turret PV, with driving motor 
below on the third deck, “It is’ compound: driven 
by a 45-horsepower G. motors)" 


tr 
VOL 


STEERING 
The steering gear is of the Hyde 
tric type, operated by a 485-horsepower motor, which is driven 


t+ 
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“LAUNDRY. 


The laundry is located on the third deck, ‘side, 


midship. | It equipped. with following. vmachinery, all 
motive power being electricity : 


2° Universal presses ; 


MIS § 

1 Combination i ironer; 
1 Flatwork i ironer; fed 


1 Drying room, 7° drawers; 
“4 ‘Tumbler dyer; | I 


I 


‘Se p ta Hk! ip m ,teoileystind 
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GALLEY 
Calley —The officers ‘galley’ is equipped witht oil - 
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Crew’s Galley, — the crew’s. galley are installed the fol- 
lowing: 


steam-jacketed copper kettles (80 gallons 


2 steam-jacketed copper:kettles (60 gallons each); 
2 coffee urns, 100 gallons each; 


1 electrically-driven meat grinder; 
1 electrically-driven kitchen cake 
1, hand-operated meat: slicer... 


oil for all galley ranges is a 
power, motor-driven, Allis-Chalmers air’ comptessor’ being 
provided for the purpose. The , Capacity of the compressor is 
50 cubic feet of ae air per “minute, at 90 — pressure 
per square inch: seit at 


2 No. 1U. S. Navy standard, Pate ovens ; 
2 steam boxes; 


2 portable dough troughs; 
1 electrically-driven dough-mixing ‘machine; 
1 electrically-driven kitchen and ‘cake machine; 
Miscellaneous equipment. located as noted : 
1 electrically-driven potato peeler, i in ‘potato-peeler room ; 
1 electrically-driven dish washer, capacity 6,000 pieces per 
hour, in general mess pantry; Ce, 
4 warming ovens, in serving room; git 
1 electric butter slicer, in general mess issuing room. 


} 


For disposal of garbage, one — incinerator i is lo- 
cated on the superstructure deck.” 


DRAIN AGE SYSTEM. 


The, two. fire and bilge pumps in each wing engine room 
have 5-inch suctions from the after drainage system,. which, 
serves compartments aft of number three — room. 
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‘The! main circulating pumps are located’ in the center: en~ 
gine room. ‘They are arranged for pumping on the engine~ 
room bilges in emergencies. There are two bilge connections: 
for the center engine room, and’ one foreach: wing engine 
compartment ; each connection ‘is 22 inches diameter. 

“Each fire room is normally drained by’ the fire anid bilge 
pump located therein: For extreme emergencies two 10-inch, 
Morris; electrically-driven; vertical, centrifugal pumps: are: 
provided for each fire room, with driving rt aohows® 
power each, located above onthe third deck.) 

The drainage of compartments forward, ite the be 
ward dynamo room: and double bottoms beneath, which are 
drained by the fire-room’ system, is handled: by.an independent 
system, served by a 5-inch Morris, horizontal, motor-driven, 
centrifugal pump... The driving motor is.30 


located in the outboard engine rooms and fite fooms. 

The main is entirely below the third’ arid’ 
throughout the machinery; spaces: in:two, 8-inch, lines,: port. and 
starboard, Iti is cross-connected at the forward:and after ends, 
and. in the engine compartments, and. supplied by..5-inch con-. 
nections from the fire and bilge: pumps, with. cutout, valves at, 
the main... Branches, to, fine plugs, etc., are provided as required... 

‘There i is.a connection forward to the independent. sanitary. 
system, for. the crew’s water. closets,.and, 
valye is: provided where it joins the latter...) 


de 


SANITARY SYSTEM. 
Water for sole Purposes is supplied from te fire main 


as are led! tothe’ chit: officers” 
washroom and water closets, sick bay, bath ‘lavifidfy; general 


Th and bilge pumps, 


106: 8, DAHO.; 


mess; pantry,’ galleys, bakery, firemen’s: washrooms,,, junior, 
warrant and. and water, closets, 

shene:3 is an the exclusive 
use of the crew’s washroom and.water, closets. . - This system, 
is supplied by two: 12-horsepower,| 5-inch, Morris, motor-driv- 
en, direct-connected, double-inlet, horizontal centrifugal pumps, 
of about 500 gallons per minute capacity;each., G,,E. motors 
drive. the: pumps. ;; The, main is.5 inches. in: diameter, Abe, 


onl} 
FRESH WATER SYSTEM. at 


The following fresh-water 


Chief petty officers’ washroom supply x. 150 
_ Firemen’s washroom supply tanks... .. 500 
Battle-dressing station supply 250); 


~The ‘ship’s ‘tanks have corinections ‘from ‘the 
ship’s sides, and ‘a from the ‘distiller 
main. From’ these tanks water is’ pumped through the fresh- 
water main by’ means of three s4ineh, Morris, direct-connected, 
electtic-driven'; horizontal centrifugal’ puirips of "200° 
capacity per minute each, driver by motors of 12-horse- 
power’ each.’ “Branches ‘are led ‘as’ ‘required from thé min’ to 
the various lavatories} and the small gravity tank 
enumerated above. 


‘2¥e ALS 


cigm 9d) BRANT: tise tot 

The ice-machine room is on the second port. side, 
between the engine: and’ og rooms; The plant consists:of the 
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hi pump of! motor-driven, 
centrifugal type, for ice cream freézer./ (oxen) io 

2 Scuttle butts. 


“The co co Id-storage compartment i is ‘located. on the third deck, 
immediately above the ice-machine, oom, and consists of four 
rooms, one. each for meat, butter, officers, and the crew, the 


latter serving also. as. vestibule, rooms are heavily in- 


iron pipe. ~The following data is given “for the 


sq. ft. sq. ft. 
Meat room ...,.. 1,080,,, ,, 462 15°F, 
Butter room ..... 201 40°F. 


The ;cold ‘storage. rooms. cand, seuttle butts. are. cooled. 
direct. circulation of the cold, air; through the  cqils, therein; 
the ice-making boxes,and_ the, hardening, cabinet, have -brine: 
baths, which are, cooled. by, submerged coils, through which 
cold air circulates. , Brine from, the latter is used, for) freez~ 
ing‘ice cream. A small brine pump is for. 
the service, eth edt botid ous eoxod ii 


‘Double-bottom compartments B-1 to B-4, inclusive,’ are 
fitted up as reserve feed tanks. 


; 
titted with cols Of Salvanized 


Tos U. S. S. IDAHO. 


_ The tanks. are filled through a 314-inch pipe fitted with two 
214-inch hose connections at the ship’s sides, port and star- 
board; and connected to the combined ailing: and: suction mani- 
fold in fireroom No. 2. peo od 
There is also a filling pipe: froth: the distiller fresh: 
water main, which is led to the same manifold. From the 
manifold 4-inch combined filling and suiction are to 
the bottom of each tank. 
There is a 4-inch main between the manifold sever the! anil 
iary-feed pump suctions, so that the auxiliary-feed pumps may 
draw from any tank. auxiliary-feed pump | in. fire toom. 


to Any’ other tank. The’ reserve feed pump in NO. 2 fire room. 
also has a 4-inch suction from the manifold, for drawing 
water direct from any ia and discharging same to the main. 
feed tanks. 

There is also a reserve feed pump in the center engine 
room,. with ‘suction: connections. from the reserye: feed tanks, 


and distharge to feed and filter tanks. 


Artificial is where ‘ote all 
quarters, living spaces, passages, storerooms, magazines, en- 
gine rooms, dynamo rooms, evaporator room, etc, 

-general air is’ suppliéd ‘on the plenum system to the dif- 
ferent: ‘compartments requiring ventilation. spates 
are also provided with the exhaust system. 

‘The ventilating fats are'of ‘the B. F. Company’s 
type, driven’ ‘motors, “except for’ a minor 

Heater are fitted in the ventilating ducts to all’ 
ters, crew’s space, etc., for heating the incoming air in cold 
weather ; no 6ther: for 
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HEATING 


“al staterooms. and quarters, crew’s space, etc., are 2 heated 
by the thermo-tank ventilating system; heater boxes provided 
with suitable steam coils are placed in the air duct for heating 
the air supplied to these compartments. The heater boxes - 
are of the B. F. Sturtevant Company’s type. The remaining 
portions of the vessel, except the turrets, torpedo room and 
charthouse, which are provided with electric heaters, are heat- 
ed by the customary pipe-coil steam radiators. 

_ The heating system is divided into two main sections, one 
fosaat and one aft. The former takes steam from the 
auxiliary steam pipe in fire room No. 1, and the latter from 
the auxiliary steam, pipe in the center engine room. Stop and 
_ reducing valves are fitted at the branches from the ay 
steam pipes. 

The galley steam. is ‘lee: off the auxiliary. steam line in 
fire room No. 1; a stop valve and a rertucing: mae are pro- 
vided. at the. connection. 

The drains from the heating system and alley, are e led to 
suitable which to the and Sites and 


| MAIN ENGINES. 


“The consists of. driv- 
ing four lines, of shafting. The turbines are designed to de- 
velop, 82,000; shaft, horsepower, with.a steam. pressure.of 200 
pounds gauge at the H.P. turbines, when 240 
revolutions ‘Per minute. 

There are six main turbines and two cruising. a arranged 
in three. separate.watertight compartments. The turbines are 
grouped as follows: One-H.P. ahead turbine, and one H.P. 
astern turbine, immediately, abaft. same, on each outboard 
shaft and located in each outboard engine room; One-L:P. 
ahead and astern turbine on each inboard shaft:, A cruising. 

turbine is geared to the forward end of each L.P. ahead and 


i 
5 
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astern turbine. The L.P. turbines and cruising sets are in- 
stalled in the center engine room. Slip couplings are provided 
for disconnecting the cefuising sets when running af the higher 
The followirig’ steaming conditions are provided : 
Four shafts in operation. qqieorts 
Low ctuising’ ‘speed—Steam to’ turbines, 
through: TP. ahead to” LP. ahead turbines, 
2. Medium cruising “bypassed ‘to’ wast 
“panision ‘of cruising turbines, exhatst through!’ HP. 
ahead turbines, to L.P. ahead turbines, into ‘condenisers. 
ey High ertising speed—Steéam bypassed to 4th expansion’ of 
cruising turbines, exhaust’ through HP. ahead tatbities, 
to LP. ahead turbines, into condensers. 
4. Full speed ahead—Steam to H.P. ahead turbines, ‘exhaust 
“through ‘L:P. ahead turbines into condensers.” ? 
5. Fall ‘speed’ to’ astern’ turbines, 
haust through L.P. astern turbines’ irito’ condensers, 
Shafts in operation. mou 
6. Low cruising speed—Stedm to cruising’ extant 
through. L.P. ahead turbines into condensers. 
7%. Medium. cruising speed—Steam, bypassed to second ex- 
pansion of cruising turbines, through P. 
= High’ cruising speed-Steam bypassed fourth’ expansion 
oof cruising turbines; through’ ahead! tut 
“obines into “condensers, be 203. 
Cruising to L. P. ahead turbines, 
condensers.) 
10. Manewering—Steam “ahead” ‘or uP: ‘tit 
»binés; ‘exhaust 
conditions. and 8 auxiliary’ exhatist 
mitted'to the third’ stage” ofthe’ H’P. ahead ‘tutbines, and, 
under ‘condition 4; to the first mer of the'L, P: ahead 
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Reduction 
gear 


Persons Type - Gomecting 
Cruising Turbine & L.P.& Astern Turb. 


Coupling. 


Parsons flexible coupling between cru 


Flexible jaw and sleeve type, operate: 


pan- 
sion. 
2nd | 24 139 87-1/4|13~7/8 |15-3/4 |e2-7/8| 14 | 8 
Sra | 24-5/8 |244-1/2/ 68-1/2 / 24-3/8] 14 8 
4th | 2-1/2 26-1/8| 9 7 
| 26-3/4 [152 93 12-7/68 9 | 7 
6th 19-1/4 |32e-5/6 7 
Ex- Dieme te r/Length of] Rows | Length | Approx 
of |Cylinder | of |.of Ble 
P Cylinder|This Dis. Blades . 1p 
33 OF none mones. | Blades. .| each' 
12-7/8 10682 
2-1/4 | 1070 
14-1/4 8-1/8 | 1101 
- £2-15/16, Center - | 


_ TURBINE DATA. 


__khead Purbines: 
Length 


Reduction Gear Data. 
Pitch Giro. | Spiral” [| Outeide | 
= Dis. Pitch | Angle Dia. - 
£9 |7,68172" | 616919 777272" | 1 to 
rm .Turb.|Wheel | 879 |98.48179"|.61B919; 98.67179" | 13.069 


ween cruising turbine rotor ami reduction gea 


r pinion shaft. 


ope fated through: handwhee 


PLATE 1. 


Sorow. 8} 


adie 


od nut with beil crank. 


Approx. |Longitu-| Tip : Appro 
No, of | dinal /|Clear- Ne. o 
| 8 17 | 13/36] 7-1/2)1-5/8 | 437 16/16 | .080 | 1876 
8 17 |1-1/8 |10-1/4|2-1/4| 998 | 1-1/4 | .085 | 10281 
7 17 |1-1/2 | 1/4} 296 | 1-5/6 | 917 
cin 17 {2-1/8 [4-1/2] 3811 | 1-3/6 | .040 87 
rox. No. | Longi 1 Pp Die teriLength | 
Blades | dinal Clear- of Cylinder of x 
Pitch jance. | Cylinder|Thie Die. Blades 
each row, | Mches. | Inches. [Ine hes. ACA ef On 
‘| 1068 1-3/8 | .055 15-5/8 7 
‘|. ss |: 1-8/8 1-7/6 | 6 
1101 1-1/2. | .060 15-8/4 


TURBINE DATA. 


Ahead Turbines: 


Length Cruising. tow Pres 
of Approx. |Longitu-| Tip Approx. | Longit 
No, of dinal |Clear- | No. of | 
a Bledes | Pitch. jance. | Blades, | Pitcl 
es row. 8. cnes W 
17 | 13/26] 7-1/2/1-6/8 | 437 16/16 | .030 | 1876 | 1-%/¢ 
17 | 1-1/8 |10-1/4|2-1/4| 996 | 1-1/4 | .035 | 1021 | 2-1/1 
1-1/2 |14 3-1/4 | 296 | 1-5/16 | .035 917 2-8/¢ 
2-1/8 |14 4-1/2} S11 | 1-3/8 | .040 87% | 
14? 807_| 8-3/4 
tu-| Mp | Diameter 2x. NO. 
dinal Clear- of Cylinder | of Blades 
ance. Oylinder This Die.| °f | Blades in 
es. 6s. 6s. 
20 917 
1-3/8 | .056 104 15-5/6 | 7. 7 786 
1-3/8 | .060 104 | 13-7/8 6 ” 693 
1-1/2 | .060 104 | 15-5/4 6 a 852 
H.P.Ahesd | | H.P.Adtern | 
155 102+3/8 _88-7/8 | 
Reduction Gear Date. 
No.of| Pitch | Circ. | Spiral [ Outeide | ‘pois, | 
Footh| Dis. Pitoh | Die. 
|Pinion| 289 |7,58178" | ,816919 | 1 to | | 
b.|Wheel | 879 |98.45179"| 818919 | 98.67179" |13.069 | 2 | 


ruising turbine. 


rotor and reduction gear pinion shaft. 


PLATE 1. 


ted through-handwheel, screw. spindle and nut with bell crank. 
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The turbines are of the characteristic Pardgiod design 
throughout, hence, a detailed description is both sai tus eal 
- and beyond the scope ofthis article. 

a tas turbine data are given in Plates I and IL 


SHAFTING AND BEARINGS. 
There are four lines of shafting, each compen of the 
following number of sections, all. rigidly to- 
| 
Line shaft 
Stern-tube shaft . 


Line Shafts.—These shafts are forged “steel, hollow, with 
disc couplings at either end, and carried by Ee) ey 
bearings... 

Stern-Tube haffs —The are with 
a composition casing within the stern tubes and at the stern 
tube bearings. They-are forged steel, hollow, secured to the 
line shafts at inboard end by special disc couplings, and to the : 
propeller shafts at outboard end by sleeve couplings. Two - 
lignum vite bearings are provided for each stern tube 
shaft. , 

Propeller Shafts, shaft i is one 
lignum lined. strut bearing. The shafts are forged steel, 
hollow, taper turned at after end to the and 
composition bushed at the bearings. © 

Inboard Coupling —Each inboard ‘coupling of a 
forged steel sleeve secured to the stern-tube shaft:by four keys, 
the end of the shaft being slightly upset for reception of the 
sleeve. ‘The shaft is prevented from pulling. out.of the sleeve 
when backing by two segments fitting a transverse slot in the 
forward end of the sleeve, and shouldered into a groove thirned 
in the end of the shaft. ‘The sleeve and segments are through 
bolted to the - shaft coupling by eight fitted rant = 
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Outboard ‘Coupling.—Each outboard, coupling is of, forged 
steel, solid-sleeve type, taper bored. for reception of: shafts, 
and secured to each shaft by two feather keys and one cross 


Lie sat length, feet) and 
after, outboard, length, feet and. ony 23-08, 9/16.. 
inboard, length, feet and, inches. . 30-01 
diameter, inches 
ovat bearings oui bas 
Stern-tube shat, length, feet and inches... 
“diameter, inches 
axial hole, inches 
Propeller ron length, feet and inches 
diameter, inches: 
axial hole, inches. 
Coupling discs, diameter, inches <..... 
Inboard coupling, diameter of sleeve pra inched?" 
inside, inches 
- Jength of sleeve, inches .... 
Coupling bolts, number each coupling Peeters 
diameter (taper) at face of: coupling ince 


Line-shaft beari 
diameter, i 
length, inches .. 
‘diameter, inches 68/4 


“Bach line of shafting is provided with a 
reversible turning gear. The motors are 15 horsepower each. 


8 


3 ‘ 
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. Each gear is so arranged that it! cati be operated by hand, a 


PROPELLERS. 


There are four three-bladed propellers, with the Niniies cust 
solid ‘with the hubs. The starboard’ propellers are’ right-hand 
and the port propellers are left-hand; all ‘propellers turn out- 
board when driving the vessel ahead. They are of manganese 
bronze and the hubs are taper bored to fit the shafts, to which 
they are secured by two keys and locked nut on the end of each 
shaft, The blades are machined true to pitch, and polished alt 
the hubs, 


DATA. 


hub, feet and inches ........... ni 
helicoidal, square feet 
disc, square feet. 
Ratio, projected to disc area 
Heighth of lower tip of blade above keel, inches, inboard 


outboard 
Immersion * upper tip of blade, feet and inches,. inboard 


“outboard... 


main condensing outfit consists of thé Usual 
condensers, each fitted with a- Parsons. vacuum. augmenter, 
working in conjunction with an air pump... 

Main Condensers.—There are two ‘main con 
denisets, one for each L.P. turbine.” They are installed abreast 
in the after end of the center engine room. The tubes-are 
straight, rolled into the: tube’ sheets at one end and gland 


packed at the other The. are of) 
principal dimensions : off 


6 
| 9 
17-7.175 
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Length between tube sheets, feet ‘and 
Thickness of tube sheets, inches: . Hot, sali 10.57 
Tubes, number 
Cooling surface, square feet 16,083 
Size of main exhaust nozzles, inches. 84122 
Diameter, air-pump suction, inches ....:o0.i.cuscsseesule.... 12% 
auxiliary exhaust nozzle, inches 10 
outlet, inches. widtwi deo Ss 


Augmenter Condensers:—Each main condenser is provided 
with an augmenter condenser, located beneath the main unit. 
They are of the bent tube type, and cylindrical i in cross-section. 
The tubes are expanded into both tube sheets. The paint 
dimensions are as. 
Inside diameter, feet and inches 
Thickness of shell (composition), inch bald 
Length between tube sheets, feet and inches . ; 

Thickness of tube sheets, inch a 

Cooling surface, square 

eres: air pump suction, inches 

dry suction, inches’. 

circulating water inlet and 


Main Air Pumps— af r pumps, one for’ each tain 
condenser; are of the Warren, twin:beam, vertical, _single- 
acting type, ‘with’steam cylinders 13 inches in diatneter,. air 
cylinders 36 inches in diameter; and’ a common ‘stroke of 27 
inches. are’ and below the con- 
densers. 
Main Punipi waited Yor main 
condenser is supplied by a horizontal, bi-rotor, turbine-driven, 


e 

st : 

id 
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direct-connected, double-inlet, centrifugal pump in the 
center engine room. They are also arranged for pumping | on 
the engine-room bilges in emergencies. The pumps and. fury 
bines are of the characteristics: 


Make of _. Worthington, Type Volute 
> 22 oe 

20 

307 


bilge suction,.inches ....«: 
‘Horsepower of turbine ... 
“Make of turbine. . terry / Turbine Co. 


at FORCED ‘LUBRICATION: ‘SYSTEM. 


Pics, is a ‘complete lubrication’ ‘system for each wae of the 
‘The two systems are cross-connected. _Cut-out valves 
Each system consists of the following ‘principal equipment, 
located in the center engine room: 
2 6-inch X 8-inch 12-inch, Warren, vertical, ston, doit. 
acting, single, oil pumps. gli 
%-inch X 8-inch X 12-inch, Weiren; vertical, piston, double 
acting, single, oil-cooler circulating pump: 
2 No. 7 Schutte-Koerting, Type Z, oil coolers, of 212 ats 
. feet cooling surface each. i 
2 Lubricating. oil drain of 10 000. gallons combined 
pacity. 


The Jubricating-oil. pumps draw, oil; from the. drain. 
and discharge same through the oil coolers, thence, . via) the, 
lubrication main and its branches, to the bearings. The, oil. 
coolers can be by-passed if so desired. . The.oil from the bear- 
ings is led back to the drain tanks through. drain. lines, thus. 
completing the cycle, which is indefinitely repeated. Cut-out, | 
operation, } +d 


a 
q 
t 
q 
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A thermometer is fitted at each ‘oil-cooler inlet and outlet, 
and. also’ at-each bearing/outlet; btis T 
A X.5-inch< 6-inch, Warrett, 
double-acting, single; oil drain, pump.is provided. common to 
both systems,;. suction from, the-drain tanks. and dis- 
charges’ to.the oil treating tanks and. oil. 


tioned elsewhere. 


Cooling water for the; oil. coolers i is. supplied in. 
from the! fire. and. bilge pumps or the main condenser circulat- 
ing pumps, in addiviot bs the circulating 
pumps. se To 

Reserve tubricating is in two. of 
3,000 gallons combined capacity, located in the center engine 
room. ‘These 'tanks’are provided with deck-filling connections 
and are arranged for readily replenishing ‘the foreed- 
tion system. fei 
oi 500-gallon lubricating-oil tanks, fitted with 
steam heating coils, are also located in’ the center engine room. 
The forced-lubrication: pumps are ‘arratiged’ to the oil 
from the system into these tanks’ when it requires 

re 
~The: service. for, the: sind: wie 
bearings, stern tubes, main circulating and. main. feed. pump 
bearings, is supplied from connections taken off the main cir- 
culating puinps, fire and bilge pumps and oil-cooler 
pumps discharges. 

the spring bearings and auxiliaries noted. above. _ Hose, valves 
are provided at convenient locations, No-direct connections 
are made to the main turbine bearings ‘and thrust’ blocks; ‘nor 
to the cruising turbine and reduction gear bearings. | 

‘The returns are led to the 11-inch discharge in 


5 : 
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ro berg FIRE AND BILGE PUMPS. 

“There are seven fire and bilge pumps, ‘two ana in: ve 
outboard engine room and one in each fire room. Ai 

’ They have suctions from the sea and dindiiante systems, 
and discharge to’ the fire and flushing mains and ‘overboard. 
The: ‘engine-room pumps also to the wat 
water service. 

The pumps are of the following 
Type—Warten, vertical, piston, double-acting, a 
Size—12 inches by 10 inches by 18 inches. 

three abreast in three separate watertight 
ments. 

The boilers a total heating surface of 55, 458 
feet, and are designed to operate the entire machinery plant 
at full power, with an average air pressure in the ash pits of 
not more than 6 inches of water. . are for 
‘ing fuel oil, 

Uptakes of the usual are all uniting a 
common smoke pipe at the main deck. The smoke pipe is 13 
feet 9 inches inside diameter, and 92 feet 10 inches high above 
the base of the boilers. ‘It is ol into three sections of 


Pressure, working, pounds per, square 29880; 
test, pounds per. square inch..... water, 375; steam 300 } 
Height to top, external, feet and 15-4 41/16 
Length on ‘floor, feet and inchies: 
Drum, diameter, inside,. he MR, ; 


Number of tube headers, each boiler.......... 


‘ 
4 


manifolds in fire rooms, Nos. 1 and_3. | vis 
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Number of tubes, each boiler : 


generating’ ‘tubes, 165 mils. 000. 
Furnace volume, each boiler, cubic feet,.... “596. ig 
Heating. surface, each boiler, ‘Square 
Area through smoke pipe, total, square: paths) 
Kind of forced draft,........ ne tenga firerooms, 
Atomizers, number each boiler... dhs 15 
‘Diameter of ‘main steam stop valve, inches... 
main. feed stop and check. valves, 
auxiliary feed stop and check valve, inches... 
~'gurface-bloW. valves, inches “01 1/2, 
bottom-blow valves (two), 


valve (two), duplex, inches. ..... vin 1041/2 


FUEL On, SYSTEM. 


The fuel-oil tanks are filled through 6-inch 

two on each side of the hip forward and two, on each side wal 
the ship aft... 
The two, starboard filling are. 
into an 8-inch pipe, which is led to a relay tank located on the 
third deck, starboard side. .The port, forward filling’ pipes are 
similarly connected to the same relay tank. | There.is another 
relay tank aft, located on the third deck, port side; the after 
filling connections are similarly led to this relay tank...) 

From each relay tank two 8-inch pipes.are led'to the danse: 
rooms. 

addition to. main Gilling: sdeseribed bese, 
there are four emergency. filling: connections, two starboard 
and two port, each connecting to one - ~ four, — 


From the bottom of each fuel 4Ypinch: ‘as 
required, are led to the various distributing manifolds; which 
are. inter-connected so that any. pump may» be-used:om any 
tank, fitted with a high suction and-a low suction. 


4 

. 
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Two 6-inch by 8-inch by 12-itich Warren, vertical, piston, 
double-acting, single, light-service booster pumps. are installed 
in each fire room Nos, 1 and 3... Each pump: has.a 44-inch 
suction connection from the adjacent distributing manifold, 
and a 4-inch discharge to the distributing manifold, adjacent 
emergency deck-filling connection, fuel-oil main, and. over- 
board; the latter connection is portable. The booster pumps. 
are also arranged to pump settled water from the bottoms of 
the storage tanks and discharge it overboard through the port- 
able connection referred to.above.'. In addition to the connee~ 
tions noted above, the booster’ pumps also have’a discharge to 
the deck for fueling the latrichés an motor oats; also a 
branch to the galleys and foundry. ., 

There are two.heavy-pressure; 53-inch by by Sindh, 
vertical, double-acting, duplex, service pumps of the Warren 
type in each fire room. Foster, type H-3, pressure governors 
are provided to cotitrol the speed of the units. The pumps 
have 3-inch suctions from ‘the ‘fuel-oil main and service’ tanks, 
and each discharge, through an oil meter and pair of oi! heat- 
ers, to the atomizer Stipply pipes. discharge ebithettions 
are 214 inches diameter! | ‘ 

1 The oil:meters are of the Bowser type, ad ‘ate arranged s0 
that they be by-passed. 

oil heaters are of the Schutte Koetting bye, each 
of.11.52 square feet of heating surface. oil’ heaters are 
$o that they can’ be by-passed. 

The: atomizers; fifteen per ‘boiler, are catried in' two rows 
on the boiler fronts, with stop cocks at each burner for indi- 
vidual control.’ They are of the: Schuitte-Koerting mechanically 
atomized type. “The “atomizet-supply ‘pipe to each” ‘boiler is 
fitted with a:cutout valve, 

Steam coils are fitted near the ends’ of all. ibd pipes ‘in 
all tanks ; pa re for boiling-out the tanks are tho 

For no aif’ pressure. available, a 11-inch 
by. 84-inch Schutte-Koerting, ‘vertical; triplex hand pump is 


i he 
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fitted ‘in each fire’ room, oil at 200 


to two atomizers. 


at any ‘time the amount fuel oil ir in ‘the 
arious double-bottom, the. pneumercator system 
is. ‘installed, 
chamber placed at a predetermined location near the bottom 
of each tank. The ; interior of, the balance chamber, is in.com- 
munication with, the tank, through, a hole in the side of the - 
chamber, and. a small Pipe, connects, the top of the 


with scale, calibrated to suit the tank to which it is connectéd. 
The instrument operates on the following principle: The 
pressure due to the head of. oil in the.tank, compresses: air 
in the chamber and connecting pipe. line; whishid in ‘turn: causes 
the mercury to, rise-or, fall; in| the tube im_direct ‘ratio to the 
pressure exerted... The, tank’ contents is read off 
as in the case of an ordinary thermometers). 
In order,to,guard against overflowing the taking 
: fuel oil, an annunciator installed in. connection with 
the recording device for pegnidihs and signalling when) any 
ni aig mise oT 
FORCED DRAPE BLOWERS. 
draft ‘blowers! ‘They® are’ located” in’ specially’ ‘consttucted 
blower rooms just’ below’ the third deck arid above the’ ‘working 
flat'in frorit of the boilers"? 
The fans are No. 20 Keith, horizontal, double-inlet type, 
each designed’ to deliver 26,800  ctibie feet of air per minute 
against’a static ‘presstire OF 4 iriches ‘of water, ‘when running 
at 1,600 ‘revolutions ‘per minute; but ‘capable’ of delivering, at 


| ‘recording device consists of a glass mercurial tube provided ~ 
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slightly reduced output, against: pressure of, 
of water. 

Each fan is direct-connected, te a flexible coupling, to a 
horizontal Terry steam turbine, Type G. 

Air is supplied | the blowers a. a “large air duct on the 
‘second deck. 

“The blowers discharge the air into the fire rooms through 
short trunks, extending: through openings in the blower-room 
floor. 

: Deflectors are fitted at the trunk outlets, so arranged that 
the air will be properly diffused throughout the fire rooms. to 

“An automatic hinged shutter, closing by back pressure, i is 
fitted in each blower discharge to prevent the loss of air pres- 
sure in the fire room in case a blower : stops. — a 


| MAIN ‘STEAM PIPING. <7 


main steam piping is arranged in two lines, . 
one on each side of the vessel. There is an 84-inch cross- 
connection in the forward and ‘after fire rooms, and orie of 
4 inches’ in diameter in the middle fire room. ‘The branches 
from the wing boilers are 7 inches in diameter each, and’ those 
from the center boilers are each: divided’ into two 5-inch 
branches, one: to and other to 
the port steam line,’ 

The main lines are 814 in the forward middle 
fire rooms, increasing to 12 and 14% inches at each successive 
boiler connection, ‘the latter we the turbine 
throttle valves, 

In each engines room. are, 10¥-inch Gem 
trom each. throttle, valve to their respective H.P..ahead tur- 
bines. There is also a 12-inch to each astern 

“A 10-inch. pipe main steam. Times i in the 


center engine room. . It is fitted with a.stop valve.at each end. 
From this cross-conne 


ection branches are taken. as follows:) A 
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10-inch maneuvering; connection, to,cach L.P,. ahead turbine, 

a 9-inch maneuvering connection to each L. P. astern turbine 

and a ‘10-inch contiection to ‘each” cruising tutbine. “AM the 

above connections’ aré fitted’ with maneuvering’ valves. All 

throttle and manetrvéring valves are controlled at ‘Wie working 

in the’center efigine room, 
Piping seamless drawn steel. 


4 


“AUXILIARY STEAM PIPING. 


The auxiliary steam pipe is 

‘From the main steam pipe in’ the after fire room there’ate 
two 7-inch connections, reducing to 644 inches and leaditig aft 
through the after dynamo room and forming a‘loop in’ the 
center engine room, The engine room auxiliaries take their 
steam from this loop. 

“In the fire rooms the auxiliary steam piping consists of 
from the main steam: piping v to 
various auxiliaries... 

The ship’s tutbo- generator ‘sets: take their steam off ‘the 
main steam cross-connection in the fire room Ne. and 
steam lines in the after dynamo room. 


spaces in continuous loop 10 inches in diameter, with branches 
leading elsewhere as required for the‘ variotis auxiliaries. It 
is cross-connected in the center engine room and all fire rooms, 
Connections are provided to diréct the exhaust steam into 
either main condenser, either dynamo condenser, either feed- 
water heater, evaporators, or into the atmosphere through the 
escape pipe at will. 


Stop valves are fitted in all. at ‘the main, in 


all cross-connections. i 


: 
‘ 
: 
: 
: 
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‘ESCAPE PIPES" ‘AND EXHAUST. 


are: two 14-inch. escape. pipes abait, the. pine. 
Branches. from. these pipes are, led through the. third, deck. to 
each fire room, where, they are. further subdivided and connect- 
ed to the individual safety valves through 6-inch, branches. _ lq 
There are two 84-inch, branches, starboard and: port; in 
fire room No. 3 from the auxiliary exhaust to the escape pipe 
for atmospheric exhaust. A stop valve is fitted at each con- 
nection to the escape pipe. _ ae 
There is also.a.10-inch, atmospheric exhaust: connection, 
fitted with automatic valve ito’ 
All the above piping i copper. ott 


“MAIN AUXILIARY FEED SYSTEMS, 


Feed. ond Filter. wo feed and filter of 
gallons’ capacity each; are located in each center engine’ room. 
A filter chamber of about 900 gallons capacity is in the top' of 
each tank... Each. filter chamber -has:an inner ‘bottom of loose 
perforated plates and is divided into three compartments, in 
which is placed the filtering material, by vertical division plates. 
These partitions. are so arranged’ that ‘the’ water in’ passing 
through the filter will flow under and over in succession, thus 
assuring the filtering material being always submerged. 

Each is principal connec- - 


1. main air. pump 

1 4-inch reserye-feed pump 

12-inch cross-connecting. Pipe; 

_ Steam drain discharges; 
“vapor pipes. te 

Feed-Water: HeatersThere isa i 
water each fire room. 
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_ Each heater has 239.85 square feet of heating surface, and 
a rated capacity of 166,700 pounds of water per hour from 100 
degrees F, to.200 degrees F., with steam at 10,pounds gage. 
_ The beating agent is the exhaust steam, a back pressure of 
about 10 pounds gage being kept in the, auxiliary. exhaust. line 
for this .purpose by means,of a spring-relief, valve.at, each, con- 
nection-to.a condenser, opening. toward the. condensers... 

. Main Feed, Pumps.—There, are, three: horizontal, 
turbine-driven, centrifugal main feed. pumps lo- 
cated, in the center engine room... The speed of the pumps, is 
controlled by... Ideal” pressure . governors... Centrifugal; 
emergency-trip, over-speed, governors are.also, 

~ The following is the principal pump and turbine data :. 
and type, Worthington, 5-inch, ‘horizontal, 

stage, volute, Class M. 
Capacity, each, 500 G.P. 


"Head, 850 feet. 
Make and type, ‘Terry, te single 
"Horsepower, ‘each, 180. 


ott of 2anonsad 


Auxiliary Feed ‘Pidaps. ‘feed pump is in- 
stalled: in‘each°of the three! fire rooms!’ They are’ the 
Warren, 16-inch by 10¥4-inch’ by: 24-inch; vertical) ‘piston, 
double-acting; ‘single type.“ Foster’ Type H, 
provided for the speed control of these pumps. | 

Reserve Feed Pumps.—A Warren, 6-inch by 8-inch by 12- 
inch, vertical, piston, double-acting, single, reserve feed pump 
is installed. in, the fire room No, 2. ...It is, arranged to. pump 
water from the reserve-feed tanks, to, the. main feed tanks, 
also has a suction connection from the hotwell-pumps cross- 
connection. An 8-inch by. 8-inch; by,12-inch, vertical,, ‘piston, 
_ double-acting, single, pump, of the. Boston Navy Yard, sere is: 


. 
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Arrangement. ~The Piping is 


Each main feed puitip a int the 
feed suction main, which’ ‘connects: to’ the? ‘main’ 
through the cross-connection. Is 

‘The discharge, from ‘each feed is 5 
ing in the center engine room into an’ 81-inch liné, which leads 
forward and diminishes in size as it advani¢es to’5 inches in 
the forward fire room. ‘There is’a 5-itich connection in ‘each 
fire room to the respective feed water heaters. ‘The feed water 
heaters are fitted with supply — to 
boiler are inches: 

The feed suction main in'size-as it to 
11 inches, 9 inches and 6 inches. All auxiliary feed Pumps 
have a 6-inch suction connection from the main, 

Each auxiliary feed pump is arranged to discharge to the 
boilers in its compartment, through the feed-water heater or 
direct. They can also discharge into the main feed-discharge 
line to the boilers in other compartments. The discharge 
connection from each pump is 5 inches in diameter, and the 
supply branches to the boilers are BYp inches diameter each. 


TERIOR COM MUPMICATION, 


customary engine , fire. room 
voice tubes, etc., are fitted for transniitting: orders 
and signaling to the various and 
other parts of fhe vessel. edt rot babrroig 


ATR COMPRESSOR PLANT, 


ait plant is provided for gas from 
thie guns, cleaning ‘boiler’ dynaitios, running 


compressors aiid two tariks, 
together with switchboards - appurtenances. One group of 


i 
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eqtiipment is. located forward on the'third deck in the windlass 
room, and the other is located on the third deck: - - No.3 
barbette and eticlosed ‘in a ‘wite-mesh’ bulkhead. & 

The air compressors are automatically controlled so as to 
maintain a constant.pressure on the system. They are also 
provided with automatic unloading valves so that after shut- 
ting down the compressor. be. in ‘the 
unloaded condition. 

There is a pneumatic main running through the aaaenigel 
space with nozzles in each compartment... Branches: from 
this main are led to the general workshop, dynamo, ice-machine 
and evaporator rooms, galleys, etc., as required. fe main is 
connected to all the air compressors. .... 

The main for ejecting gas from the’ guns is inidepenidet of 
the above mentioned pneumatic main, and is ‘likewise con- 
nected to all the air compressors. 

The following are the principal characteristics of the air 
compressors : 


Make—Worthington, motor-driven, geared. 

Size—15-inch by 1234-inch by 7-inch stroke... 

Capacity, each—175 cubic feet of free minute at 150 
pounds’ pressure per square inch. 

R.p.m., compressor, 300. 

R.pam., motor, 1,600. 


Capacity air-storage tanks, cubic 40, 
EVAPORATING AND DISTILLING APPARATUS, 


_ The evaparater room is.on the second platform between the 
engine and fire rooms, starboard side. The. plant is arranged 
to operate in double-effect with. live steam at "70 pounds gage 
in the first-effect steam’ coils, or in sinigle-effect: when. using 
auxiliary exhaust steam at about 10 pounds gage... Under the 
latter condition a slight vacuum: is maintained ‘on the distillers, 


‘an air pump being provided for the purpose? 
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_ The plant has a combined, nominal, capacity, “of. 80,000, gal- 


lons of water per 24 hours, when, operating: in sees 
with a 40 cent overload. capacity, clean., 


“EVAPORATOR DATA... ) 


Diameter, 


Height over all, feet and 


t 


drain connections (2), 
blow valves, inches 


jad 


56. 


DATA.’ 
ml 


t 


diameter, inch 


GAA 
FEED WATER HEATER DATA. 


Tubes, number. (each) 


Heating surface, square feet (each) 


| 5 


Diameter of feed inlet.and outlet, 
vapor inlet and, outlet; 


“0. ‘068 


Diameter of circulating water inlet and outlet, 


U-tube. 
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PUMP DATAY 
Evaporator feed’pumps:.. 


Evaporator brine pump: 
Warten, piston, double-acting, single. 


Distiller circulating pumps: 
64-inch, Class B, Volute. 


Capacity (each), G.p.m. at 25 feet 800 


Distiller fresh-water pumps: 
‘Number and type—(2)—Warren, single. 
Distiller air pump: rf 


Type—Warren, vertical, Diston, double-actng single, featherweight, 
6-inch by 10-inch by 8-inch. 


A Cochrane precision meter is ‘provided ' for measuring the 
fresh water produced by the plant 


GENERAL WORKSHOP, 


The ‘olivine machine tools, each driven by it its 6 own electric 
motor, are installed in the machine ew on the third deck, 

No. Description. | HP. of 
1. 28-inch by.'48-inch swing, extension-gapr) 

1 14-inch iswing fate; Gur B Con, 
1 144%-inch swing lathe; “ Prentice”... .. G. E. Co.) 
1 8-inch swing precision lathe; “ “Hjorth”. or ois. 
1 24-inch column shaper; “ Cincinnati”. .G. E. Coys 5 H.P. 
1 30-inch radial drill; “ Dreses”: ; 2 


1 16-inch sensitive drill,.““\Willey” 

1 Universal milling machine; I 

9 
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1 Portable cylinder-boring machine; “ Un- 


1 Portable cylinder-boring machine; “ Un- 

“detwood,” ‘pnetimatic-drive. 


14-inch hacksaw Willey. 


1 Portable drill; No. 3“ Willey.” 


BLACKSMITH ; SHOP. 


~A blacksmith shop is provided on the superstructure, deck, 
inthe foundry enclosure. It is equipped with one portable 
and one permanent forge, together with anvil and all neces- 
sary | tools and fittings. The permanent forge is oil burning ; 
it is fitted with an. electrically-driven blast fan. The portable 
is the coal-burning folding type, q He 1 


@ vd ed FOUNDRY. 


The outfit consists of a small. marine, oil-burning, crucible 
furnace, together with adequate allowance of crucibles and the 
apparatus for handling and pouring the metal. 


PIPE AND COPPERSMITH SHOP, 


pipe and coppersmiths’ equipment. is, located ‘on 
third in the general consists of the fol- 
lowing: A 
1 pipe-cutting and inch 

to 8-inch’ capacity; No. 34 “Curtis 

tininer’s combined and: shears ; ‘No. Peek; Stow & 


tinner’s slip roll. forming machine y tench 


1 tihner’s beading machine ; Peck: Stow & Witeox” 

1‘ tininer’s cornice brake; .“ Peck, Stow & Wilcox”; set 07 
1 oxyacetylene welding’ Milburn” 
“Gvises, work-benches, etc... {7 


3 
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‘ELECTRIC PLANT. 


There are two dynamo rooms, one just forward of the for- 
ward boiler room and the other just aft of the after boiler 
room. They are on the second platform level. 

The distribution rooms, two in number, are located on the 
first platform, one over each dynamo room. They contain the 
lighting, power, searchlight and generator boards combined, 

“The generator installation consists of four horizontal, 6-pole, 5 
compound-wound, 300-kilowatt, 3-wire, General Electric gen- 
erators, two in each dynamo room; they are gear-driven by. 
three-stage horizontal Curtis turbines, designed to run at 5,037 
revolutions per minute, with steam at 200 pounds gage. Each 
generator will deliver at normal load 1,250 ampéres of current 

at 240 volts, when running at 1,000 revolutions per minute. 
The generators are capable of delivering one-third nearer 
for two hours without injury. 

Steam for the generators is taken off the main steam cross- 
connection in the forward fire room, and auxiliary steam line 
aft, for the forward and after generators, respectively. °The 
branch to each generator is 4 inches and fitted with stop, reduc- 
. ing and throttle valves. 

The generators are arranged with condensing and atmo- 
spheric exhaust, the latter connections, via escape pipe, are 10 
inches and fitted with automatic valves permitting instantane- 
ous change over in emergency. 

_Each pair of generators has an independent condensing ap- 
paratus, located below the generators in a: separate room in 
the hold, with access. hatch between’ 'the two levels. Each 
condensing apparatus consists of one condenser, two air ejec- 
tors, condensate pump, circulating pump, hotwell-tank pump 
and hotwell tank of 316 gvlony. capacity. No air pumps are 
provided. 

With this system of vacuum producing apparatus, air and 
non-condensable vapors are drawn off the condenser by steam 
air ejectors, which discharge into the hotwell tank where - 


‘ 
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air is liberated and escapes to the atmosphere through the vapor 
pipes on the tank, The condensate is removed from the bot- 
tom of the condenser by a special turbo-centrifugal pump, 
which discharges same into the hotwell tank. A 1-inch di- 
ameter circulating pipe is fitted between the hotwell tank and 
the condenser for use when starting the apparatus, otherwise, 
owing to the absence or insufficiency of condensate, the water. 
_ in the tank would quickly become overheated, due. to the ejec- 
_ tor steam discharging therein. 


_ The dynamo condensers also handle the auxiliary exh 
_DYNAMO. CONDENSER DATA. 


Inside diameter, feet and inches... 
Thickness of shell (steel), inch 
Length between. tube sheets; feet and 
diameter, outside, inch ....... 
Diameter of exhaust nozzles, generators (2), inches .....4...++ 
‘air ejector suction, inches ........... 
condensate pump suction, inches ................% 
circulating-water inlet and outlet, (35 


“ATR DATA. 


DATA, 


‘Number and type—(2)—Worthington, horizontal, 
spécial, class B, ‘Volute. 


Number of steam nozzles, first stage, 

Diameter, steam inlet, inch 

ba 
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Draught, mean on-triel, feet ani inohes - 
Displacement, corresponding, tone - - 


Speed in knots 


of propellers, cent., outboard 

inboard- 
mean =- 
Number of boilers in operation- - - --~- 


Total heating surface, square feet- 


Pressures (Average ): 


Main steam, at boilers, lbs. gauges = - - - - 
engine room, lbs. gauge - - - - 
H.P.ahead turbine, lbs. gauge <- - - 


da expansion, lbs.gauge 


estern turbine, gee Sinem, lbs. gauge - 
L.P.@head turbine, chest, "Ibe. geuge- - 
eastern turbine, -- 
Oruieing turbine, chest, PONS gauge - - 
Vacuum, main cond., inches of mercury - 
Barometer, inches of mercury- - - - = - 
Auxiliary steam, lbs. gauge - - - - - - 
exhaust, lbs. gauge - - - - - 

Gland steam, lbs. gauge see 
Steam to fuel oil heaters, lbs. gauge . 
Main feeq, at lbs. gauge - - - 
Forced lubdrica fon, lbs. gauge- - - - + 
‘Pauel oil service pumps, lbs. gauge- ~ - 


Ady predaure in firerooms, inches of water 
Revolutions or Double Strokes per Min.( Average 


No. 1 shaft - --. 


ve 
2 


" pooster 
draft blowers - 
Fire and bilge pump - 


* 


Starb'd Port 


—_ 


> 


She 
q 
Ten 


* Qn basis of 19,500 B.T.U. ° 
Pigures in perentheses indica umber 


a 
3 
3 
= 
8 


227 
163 
15 16 
3 7.6 
0 ” 
268 26.7 
30.1 
9.9 
| 
20 
204 ] 
5 - eee 
n r umps © @& 
id 
girculating pumps - - - 
Oil cooler circulsting pumps- ie 
Lubricating o11 pumps - - - - 
Fuel oil service 


yar Hours Power 


t.89 ne’ 

| dnohes - 

Sterd'd Port 

yutboard ~ - 13.25 13.66 

inboard- - - 15.91 15.66 

nan -<--- 

pet- - - -- 55,458 

rt | Shaft Horse Power (Averege): Starb'd Port 

£8 Ho. 8 ee ee 7764 

45 9266 

65 7871 

10 Totel standardisation curve- - - 33100 

15 Degrees F. (Average): - - 

7.6 feed tanks ----------- 12 119 

7 82 86 | 

" ewerboerd discharge- - - - - - - 78 81 

9,6 Engine room, floor level, outboerd- - 83 89 

8 center- - - 68 
Pire rooms, floor level - ----- - 96 

Feed, to heater - - ------+---+- 106 

from heater - - --------> 164 
Fuel o11, to heaters- ------+-- 75 
from heatere- - - - - - - - 187 
Imbricating to cooler- ----- 102 ‘97 | 
from cooler- - - - - 91 82 
Water from oil cooler -- ---+--+--+ £480 57 
Fuel 011 Date: 

19 

014 

Ae 


U. 


Capacity (each), G.p.m. at 20 feet head.. 

Dynamo condensate pumps: 
Number and type—(2)—Westinghause, impeller pump, turbine-driven, 

size 02. 

Dynamo condenser hotwell pumps: 

Size... -474-inch ‘by 5-inch by 6-inch. 


4 


contract an extensive: series of trials, but this 
‘requirement ‘was considerably ‘modified due.to the pressure of 
-war, and the Jdaho was commissioned: following ‘avery Com- 
‘plete and dock ‘trial, which was’. conducted. at the 
builder's -yard, February 17 and'18, 1919.) 
speed trial'and a standardization trial; were rag 29, 
and. October. 1 and.2, 1919, respectively. All trials were con- 
ducted Off ‘the Pacific Coast. The measured mile :off. Santa 
California) was used, for the standardization: trial. 

The Hie’ four hours’ full trial: ‘are given in | 
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WIRELESS TELEPHONY.* 
By N. H. Sraucurer, D.S.M. 


ENGINEERING DEPARTMENT, WESTERN ELECTRIC COMPANY, NEW YORK, N. Y. 
(FORMERLY) LIEUT. COL., SIGNAL CORPS, U. S, A. 
¢ FUNDAMENTAL REQUIREMENTS. 


The development of wireless telephony dates back almost as far as 
the original conception of the use of electromagnetic waves for wireless 
telegraphy. The practical utilization of this method of communication 
is, however, a matter of comparatively recent date as contrasted with the 
much longer period during which wireless telegraphy has been a practical 
accomplishment. This delay in the: successful utilization of wireless 
telephony is due to certain differences in the fundamental requirements 
as compared with those for the telegraph. These differences and the 
manner in which the particular difficulties incident to the ‘successful ac- 
complishment of wireless telephony have been overcome will be explained 
in detail in succeeding paragraphs. = 

Broadly speaking, the principal difference between. wireless telephony 
and wireless telegraphy lies in the form of the signal which has to: be 
transmitted, telegraph signals being obviously far simpler in the wave- 
form of the signal current than are telephone The fundamental 
requirement is, in either case, that the form of the receiving signal shall 
faithfully reproduce the form of the transmitted signal, whether due to 
the opening and closing of a telegraph key or the vibrations of a telephone 

The essential units required in a complete wireless telephone sys may 
be grouped into the transmitting and the receiving elements. ie receiv- 


‘ing elements, being in no respect different from those required in wireless 
elegr: 


slegraphy, will not be described at this point. The transmitting elements 
—_ however, in many respects and comprise the following essential 
units : 

A radio frequency generator. 

A modulator for controlling the radio frequency current. f 

An antenna for radiating the electromagnetic waves produced by the 
radio frequency current. 

The particular characteristics of these various units are described in 
detail hereinafter. 

Wireless telephony is subject to certain icular limitations in the 
same way as wireless telegraphy, notably t of interference due to 
atmospheric electricity or radio signals foreign to the desired signal. 

HISTORICAL, SUMMARY, 

The first requirement for any wireless telephone station is a source of 
radio frequency current whose amplitude from cycle to cycle remains 
constant, except when varied by the modulation imposed upon it by 
the voice current. If variations in its amplitude occur, due to other causes, 
these variations will introduce disturbances which will causethe system 


“ Presented at a joint meeting of th Electrical Section a the Philadelphi: 
Section, American Institute of Electrical Engineers hela Thersdes, October 
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té be deficient’ in ‘the effective: transmission’ of speech. It is at once 
evident that the original source’of radio fréquency current uséd in wireless 
telegraphy, namely, the oscillatory discharge of a condenser supplied with 
energy from a*low frequency source, is entirely unsuited to the purposes 
‘of wireless telephony." IO. 9G 
With the development ‘of the Poulsen are the first successful attempts 
at radio telephony were begun. These attempts involved the second factor 
ina wireless’ telephone’ station, namely, that of modulating the radio 
frequency current in accordance with the currents supplied by a telephone 
‘transmitter: The ‘early attempts to accomplish’ this’ modulation, by means 
‘of ‘microphones: inserted: directly’ in the antenna circuit or coupled to 
the: circuit in various’ manners, were largely ‘unsuccessful due to the 
limitations of the microphone devices, such as the low current capacity 
and the small(range’ of variation of resistatice, 
A'second ‘source of radio frequency ‘current is the ‘high frequency 
alternator, which has ‘been developed in Various forms ‘and whict has 
been likewise used with limited success for wireless telephone transmission. 
The same lack of a suitable modulating device handicapped the use of 
the high frequency ‘alternator until the advent of the audion or vacuum 
tube.» The characteristics of the vacuum’ tube have been fully described 
in many recent will bé ‘discussed in this paper only in 
so far as these characteristics are directly applicable to the problems of 
wireless telephony. It will be. seen’ from this subsequent discussion that 
the vacuum: tube possesses’ in’ a remarkable manner the precise char- 
acteristics required for the generation and modulation of radio frequency 
current for low power wireless telephone’ stations, and for the. detection 
and amplification of: radio signals of any ‘character whatsoever. Its 
influence on the art of wireless telephony may well be compared with the 


influence of! the gas engine on aviation. 


VACUUM TUBE, 


te requirements of a radio frequency generator may be grouped 

The desired frequency may range roughly between the values of 15,000 
and 6,000,000 cycles per second. 

The frequency for any particular generator may be. required to. vary 
over’ a considerable‘ range, in some cases as much as_ several.octaves. 
In: other cases, a ‘single value ‘of frequency is sufficient. “ 
~ The frequency when set at a particular value should remain substantially 
unaffected by ordinary changes in the physical or. electrical . conditions 
associated with the station, 
“The current delivered by the generator should. approximate .a’ sine 
wave as closély as possible. 


The required ‘output for different classes. of. statiops, may vary from 


> The efficiency of the generator should be reasonably high though not 
pr comparable with the efficiencies obtained types 
generators. bie 
When used’as an oscillator or radio, Frequcngy generator associated with 
Properly designed circuits, the vacuum tube will meet. all of these require- 
ments, with the exception that the power output of, vacuum |tubes: as at 
resent constructed is Jimited to not more than.a few hundred watts per 


rements of ‘a ‘niodulator for radio telephony may be grouped 


The requirem 


‘The, modulator should. be by. the current from, an. ordinary. 
migraphone telephone transmitter or its equivalent, 

The modulator. should in its effect. the sadio 
fr r the. wave-form o telephone, or speechcurrent... 
modulator shoul be capable of almost completely..modulating the 
output of radio generators: whose. power outputs - may cover 


are. to, a arable extent by the vacnum 


interested in the vacuum.tube for juse. in, .telephone repeaters... 
improvements made inthe design. and construction: of -vacuum: tubes, 
and at: the same time experiments were conducted looking ‘to the use: of 
the vacuum tube in wireless..telephone apparatus. As a of these 
periments, the transmission of, speech from: Washington, C.,. ‘to 
and to. Honolulu by wireless. telephone occurred: during the year 
1915. In these experiments the vacuum, tube was used: as a ‘radio: frequency 
a modulator,,.a detector and 
he possibilities of the vacuum tube for wireless, rar Sk Mi having ‘been 
partly disclosed. by. the above experiments, the Navy Department became 
actively interested in development. of, wireless telephone: apparatus for 
eon battleships. tal sets..were developed by» the: Western 
and. Promising .results:were secured. ‘The 
ignal Corps.;was likewise interested ithe ‘development: of ‘apparatus 
for the Army, but, experiments had,-not ,proceeded to. the point where 


any satisfactory apparatus had been: developed::prior to the declaration 
of war by this country. 


to he of the the use of stele 
raphy in military operations had been limited to. an extremely narrow 
field, while wireless telephony had been used to an, entirely. negligible 
extent.’ The communication requirements for the armies engaged.-in the 
trench-warfare style of conflict emphasized the. need of. radio, communi- 
cation, and accordingly the extent and variety of the apparatus for, wire- 
less telegraphy ‘increased: rapidly. At the time this. country entered the 
war wireless telegraphy comprised an extremely important and) extensive 
part of the communication systems employed on the, western front. The. 
development of ‘wireless telephony, however, had not .proceeded to the 
point where apparatus was. available iby the military 
forces, ‘The ‘particular field which most urgently required itsuse was 
the airplane communication system. . he limitations imposed:-on- the ‘use 
of: wireless ‘telephoriy, such as ‘greater weight and complication :of the 
apparatus, and complete fack of secrecy, had hitherto prevented favorable 
consideration of wireless telephony asa sabeuisnte for wireless telegraphy: 
‘The particular requitements of the airplane communication; however, 


introduced certain’: advantages which. more. than compensated: for. these 
factors..and ‘made ‘telephony much more desirabl 


than, telegraphy. The 
‘ controlling: reason for the ‘use of the wireless Glathens lay in. the. fact 
that its use eliminated the necessity .of a 


the: h: code 
on) the: part of the aviator. An ‘advantage in the greater 
speed with which the telephone transmission can be 


136 NOTES. 
| seful ‘for. wireless was com- 


Inasmuch: as .the airplane . wireless. set comprises -not only 
'. the most interesting a of the use.of wireless communication duri 

the .war, but a. remarkable example of the rapidity.:w 
which the engineering: and manufacturing. facilities of, this country were 
adapted to war-time needs, a.detailed summary of the development, pro- 
duction and operation of this set forms an important part of the general 
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“Almost inimediately following the declaration ‘of war by this, country, 
‘thé Chief’ Signal Officer’ of ‘the Army orders for the development 
of an airplane Wireless‘ telephone set: which was to furnish telephone com- 
thunication between the different airplanes of'a squadron and also to 
furnish ¢ommunication between an ‘airplane and a ground station. The 
fundamental requiremerits for this ‘set’ were based partly on_information 
furnished by ‘the Allies, and’ partly on the experience of the U. S. Signal 
-Corps ‘in “the! 'pre-war® experiments’ in airplane radio telegraphy and 
telephony. The actual develo t ‘work was entrusted to the Engineer. 
‘ing “Department” of ‘the Western Electric Company, with: provision, for 
the! necéssary’ airplane ‘facilities and’ information -to be. supplied by the 
Signal ‘Corps ‘as ‘required: “The progress of the development work was 
extremely rapid, successful’ communication being ¢stablished, between an 
airplane and a ground ‘station ‘within six weeks from the date the develop- 
‘ment was’ started!’ The-evolution of,'a complete design. suited to com- 
‘mercial production likewise proceeded very rapidly, so that by December, 
1947, only six ‘months ‘from. the time ‘the’ development work .was ed, 
the design of ‘the complete ‘equipment had reached the stage where produc- 
tion ‘of the sets ifi quantity could be authorized, As early as. October, 
1917, the apparatus had been developed to°a sufficiently complete extent 
to warrant sending samples to the Expeditionary Forces for test under 
conditions existing at the 
Because the extreme need for delivery of 
apparatus arge, quantities, to meet.the needs.of the airplane progtam 
to the completion of the experimental work.,.'As further experiments 
indicated the need of modification. or. refinements:in the.design; the 'neces- 
changes were. incorporated. in. the..process .of: manufacture, so’'that 
the sets delivered in. the spring of ,1918,embodied ‘the results: of “exper 
mental ‘work extending almost up-to the date of completion of theisets:\ 
‘Beginning early in the summer; of 1918 the: development ofan’ improved 
type of set was begun, and at the time sof .the armistice this:development 
had’ reached t ne point where. practical trials of the completéd sets’ were 
in progress, The essential differences, hetweem the original type of set 
and this new 'set are described in, some detail in succeeding paragraphs: 
"The production of several thousand of the airplane wireless ‘telephone 
Sets in the brief months. involvéd: many *ptoblems ‘ofan 
extremely unusual anc difficult nature.; example may be’ cited the 
production of the vacuum, tubes required for, the: sets: “Prior: to 
the war the vacuum tubes had. never :been: produced.'at rates greater than 
a few hundted tubes per week. At.the time. of the armistice the production 
of these tubes'in one factory alone, was im excess of 25,000 per’ week, the 
largest’ part of ‘which was intended |for -use with: the airplane wireless 
telephone sets. The ‘problem, of ;devising methods:-for testing the com- 
pleted ‘sets involved the development, of unusual-testing facilities and the 
‘creation ‘of ‘a large organization, of inspectors handle thé’ sets ‘as 
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rapidly ‘as they were delivered from the factory. It was’ obviously 
‘possible to test ‘each’ completed: set in an airplane before considering it 
as finally ‘accepted, so that the formation of the testing specifications 
involved the development of tests which ‘would approximate the conditions 
encountered’ on airplanes arid’at the same time would be adapted to factory 
Before the development of the airplane wireless telephone sets ‘had 
proceeded even to the point where success was assured, it became apparent 
to those involved in the work that the.production of a satisfactory set 
was by no means the complete solution of the problem. The successful 
use of the. equipment. would undoubtedly regres a considerable amount 
of training of the aviators and a very considerable period, of experiment 
with the trained aviators using the equipment before its limitations and its 
possibilities could be even approximately determined... Accordingly, prep- 
arations were made in advance of the delivery of the first production sets, 
to institute a course of training which was intended both. to. familiarize 
the aviator with the actual use of the set and to work out the method of 
use; in other words, the tactics of a, voice-commanded airplane squadron. 
As early as May, 1918, groups of airplanes using the. wireless telephone . 
sets were being trained in the use of this equipment and were being drilled 
in the evolutions which the equipment made possible. In. June, 1918, 
a squadron of 39 airplanes, equipped with wireless telephone sets, went 
through a course of drill in the air in such a.manner.as to. demonstrate 
the remarkable possibilities of a yoice-commanded squadron. . Subsequently 
the training of aviators in the tactics of “V, C.” flying progressed ata 
rapidly increasing rate, so that at the time of the signing of the armistice 
many thousand flights had been made.. The record of these flights is a 
_ glowing tribute to the efficiency of the design of. the airplane. wireless 
telephone ‘sets, which performed in such a manner as to give far less 
trouble than the airplane engine. 


At the outset of the war-time development work on the airplane 
wireless telephone apparatus the requirements which the apparatus would 
have. to meet and the: particular conditions under which. it would 
operate were largely unknown; this information became apparent more 
or less gradually during the progress of the development work, which 
fortunately proceeded along such lines as to substantially comply with 
the requirements ‘as they developed. As originally conceived, these 
quirements maybe ‘briefly stated follows: 
The apparatus ‘should be capable of effecting reliable telephone. com- 
munication between two airplanes at distances up to 2,000 yards... 
. The weight of the apparatus should be the minimum possible consistent 
— nesting the range requirements and other conditions imposed on 
_ The apparatus should be of the simplest possible construction, and should 
seynee the minimum amount of adjustment or manipulation by the aviator. 
_ It. was realized) that special conditions would ‘be encountered on the’ 
airplane which), would make the ‘development work extremely. difficult 
and would require radical departures from any previous practice. . Amor 
these: special. conditions may be mentioned the tremendous noise and 
vibration.created by the engine and wind, the necessity the 
e hazard toa minimum, and, above all, the extremely essential condition 
that the wireless telephone apparatus ‘must create the minimum possible 
interference with the various other functions of the aviator. 
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The various’ elements; comprising the complete: wireless: ‘telephone ‘set 
may. be grouped into the following units: 
‘Power Plant. Simse Sct vii 1ZOMmis 


The details of these various units and the — encountered in 

‘their development are briefly described in the following paragraphs: __ 
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1.—Crrcurt Dracram, Winp-Driven Generator. 
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The preliminary experiments: with: various “types’ of apparatus soon 
determined. the power requirements: of the apparatus which included 
power supply for the. filament and plate circuits of the vacuum tubes for 
both, transmitting and: receiving circuits and power for the telephon 
transmitters. The. filament. power required was determined to be 1 

ampéres at 24. volts, and the: plate: circuit power for the tratismitting set 
ampéres at .275.-volts.. The: plate current for the receiving tubes was 
extremely small, namely, less than .004: ampéres, and it ‘was decided to 
furnish this power from dry batteries. “After various arrangements were 
tried the current for the telephone transinitter was obtained by shunting 
this. transmitter about filaments of two vacuum tubes which gave approxi- 
mately’ the. correct voltage for operating this transmitter. The 24-volt 
and 275-volt.. power is: obtained’ from a*double voltage’ direct. current 
generator which is driven by an fan, the compléte generator pring 
mounted on one of the struts of the landing gear of the airplane an 
hence being directly in the propeller blast. ‘The most difficult problems 
involved in the design of the generator! were those related to the excessive 
speed variation and. the extremely high maximum speed at which the 
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erator was required to. operate. e being 
Subject to extremely wide variations | and the air fan pee speed 
varying in almost exactly the same ratio, it was foe 
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to furnish its normal vo tages ‘over a speed range of 4,000 to 12,000 

revolutions per minute. This required the use of a special yoltage regu- 

lator, the circuits of which are : own in Fig. 1. This regulator depends 
p the. 1 existing between 


for its upon the-filament current 
and the electron emission fromthe filament in a special vacuum tube 


which has been designated as a “regulator tube. At the lower limit of 
the operating speed range, namely, 4,000 revolutions per, minute, the 
filament of this regulator ‘tube ‘operates ‘at a temperature which gives 
practically no emission of electrons. As the speed of the generator in- 
creases above this value the voltage rises, and accordingly the temperature 
of the regulator tube filament increases. This results in an extremely 
in the numberof electrons ‘emitted*by the ‘regulator tube 
ment, w. in: turn..causes a: rapid‘ increase in’ the ‘current flowing 
through differential field and the: plate ‘cireuit of the ‘regulator tube, 
as shown .by the characteristic curves of’ Fig: 2: ‘Current tends 
to reduce, the total magnetization of the generator, and, as a result, the 
vol i lao is. maintained within ‘extremely close limits.’ 
; his voltage regulating device operates in‘an extremely satisfactory 
manner, ‘the excessive speed: variation sof the amposes certain 
int is ate. availa 


will ‘give: an exactly constant’ rotational 
an teat for airplanes i a pract 
Various alternatives, such as storage batteri¢s and a’ 4 
double voltage generator driven directly from 'the 


considered and rejected in favor of the generator we 
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| ‘TRANSMITTING SET. 


A single vacuum tube of a ® sore type is used for furnishing the Rao 
frequency current and -a simtlar-tube- is for modulating the radio 
frequency current. The method of modulation” byte ed-is known as the 


current” method and may be brief as follows: 
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PLATE CURRENT-MILS 


FILAMENT CURRENT 
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The dircuits of the vacatim tube oscillator and. thedulator are 
connected in serail and are s unghed through an inductance coil, which 
tends to maintain ‘the total current constant. current taken by 
the modulator tube is controlled* by which in turn is 
-determined by the tion of the one These voice 
frequency fluctuations modulator plate current cause corresponding 
“yariations in the direct current supplied be the plate circuit of the-oscillator 
tube, the sum of the two currents at i pay particular instance being sub- 
stantially” constant. These variations in the direct curfent supply of the 
oscillator tube result in corresponding variatiohs of its 


high frequ 
output so that the result is a modulated radio frequency Fptvent suppli ied 
to the antenna. 
The telephone transmitter furnished one of ‘the most difficult. problems 
in connection with the design of the transmitting set by! reason of nie 


fact that this transmitter operates under conditions of such e treme ‘n 
tothe wind-and- engine exhaust After-a~-vety) 


development the present form of transmitter was perfected, its “i ol 
ment over the ordinary form being roughly indicated by the statement* 
that the ratio of noise signals to speech signals in the « Stout of this’ 


transmitter is probably less than 1 per cent of the same ra a trans-* 
mitter of the usual type. 
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Reference tothe schematic diagram, indicates the adjustments of, the. 
transmitting for different. wave-lengths. to include, only..a_,variable 
inductance and a variable capacity.. Inasmuch as the apparatus is adjusted 
for a,particular wave-length, before, the airplane leaves the, ground, an 
artificial. antenna whose constants approximate, those of, the normal an-. 
tenna is used for making such adjustments on the ground, 
The circuits of the receiving set: are likewise,shown schematically in; 
Fig. 3... Reference, to this. figure will..indicate, that the circuit comprises. 
a single resonant circuit, 4 vacuum tube detector, two vacuum tubes..used, 
as, amplifiers, special helmet, containing the receivers. The detector, 
and are not particularly novel in. any respect, but the helmet. 
containing. the receivers is of very unusual construction... The same, noise. 
conditions which. .were.mentioned above for the telephone transmitter. 
likewise affected the, reception of signals in the telephone receivers; It 
was ,accordingly necessary to. develop..a special sound-insulating, helmet: 
in. which the telephone receivers were, mounted in such a way as. to.exclude 
almost completely from the aviator’s ears all sounds. except those emanat- 
ing from the telephone receivers. The design of a helmet) which, would 
accomplish this and, at the same time not prove fo be uncomfortable repre- 
sents one of the most striking accomplishments. in.the complete set. 
The; adjustment. of, the receiving set) is. of the ,utmost, simplicity, there 
being only a variable capacity and inductance. to adjust for the particular: 
wave-length of the received signal, .As.in, the case of the: transmitting 
set, these adjustments. are ordinarily made before the:plane leaves the 
ground, and it is, usually necessary for; the aviator to make in flight only 
an extremely small adjustment in’ the capacity. to insure the proper tuning 
of the receiving, set.,, Because of, the condition of vibration existing on 
the airplane and the effect of this vibration on the vacuum. tubes: used. in 
the, receiving apparatus, it was necessary to devise|.a. mechanical filter: 
which would protect the vacuum tubes from.these vibrations. . The-method. 
finally adopted consisted of the use of sponge rubber supports for certain 
elements; within. the set box itself... 
he current required. by, the plate circuits of the receiving tubes and. 
the negative grid potential for the, modulator tube of the: transmitting 
set are. furnished. by..small dry batteries, which ,consist of 45 cells of 
very special construction weighing, less, than one poundjand having. suf-| 
ficient current capacity to operate the set a..few. hours.a. day for-aicon-: 
siderable. number of. weeks.,.. The -most important requirement: for these 
batteriés, however, was, a. sufficient;,length of shelf-life, inasmuch. as:a> 
period of several months usually, elapsed between: the date of; manufacture: 
and the date of use.’ ifficulties of securing even a few. months’ shelf-life: 
for cells of such, ‘small. size .made. the, use. the 
question, Development of, bas of containers, for, the:cells and 
extremely careful, selection of . materials, resulted, in’ the: satisfactory, solu-. 
tion. of us problem.) wbim les 
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ANTENNA. 


WAX 
The form of antenna which was adopted for the early experiments with 
the airplane. wireless telephone consisted of wire trailing behitid ‘the 
airplane flight and, connected through the apparatus” ‘with’ the’ 'frame® 
of the airplane as a counterpoise. The length of this’ wire’'was ofdinarily® 
300 feet. A-reel was’ provided for holding» this wire’ and’ a’ small ‘we 


t 
was, attached to the: free end:to-cause it tovunreel properly ‘after the 
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plane left the ground: In order to reduce the attention required by the 
aviator in unreeling the antenna a special form of reel was devised ‘with’ 
a centrifugal governor, which limited the unreeling speed to a value which 
prevented the weight from breaking the wire at the end of the unreeling 
process. ‘The wire which was ised was a ‘soft braided copper wire made 
purposely of low ‘tensile strength, ‘so that in case’ this wire became 
tangled with any obstruction during flight no particular strain would be 
put upon the airplane structure before the antenna wire would break. 
The subject of radiation from airplane antenne has perhaps received 
less ‘attention in proportion to its than almost any other 
phasé of airplane wireless telephony. This is partly due to the fact that 
the form of antenna above described possesses extremely efficient radiating 
propefties ‘and partly to the fact that investigations of the subject require’ 
very extensive and painstaking measurements involving actuat flights of 
airplanes. “The investigations conducted during the war, however, included 
a large number of tests’ of variotis types of antenna, the principal object 
of which was to evolvea substitute for the long trailing wire which’ would 
be better adapted ‘for use on airplanes engaged in acrobatic flying: Obvi- 
ously the movements of an airplane were somewhat restricted by the use 
Without ‘indicating in detail any of the alternative types of antenna’ 
which’ were’ developed ‘and tised it ‘may be ‘stated there are a number of 
forms of airplane antenna’ which offer considerable promise of complying 
with the radiation requirement’ and at the’ sate time offer practically no. 
interference with the movements of the 
Thetactical-tuses of the airplane wireless telephone’ called for’ transmis- 
sion and’ reception on certain airplanes and’ fof reception only on other 
airplanes, ‘The apparatus developed therefore included’ two distinct types, 
one including’ both the tran and elements mounted in - 
a single box, as shown in Fig. 4, while the other included only the receiving’ 
element’ as ‘shown in Figs. 5 and 6: e complete équipmeiit comprising 
the transmitting’ and receiving ‘set “ig shown in Fig.’%. ‘The’ ‘complete’ 
equipment’ comprising the ‘receiving set’ only is different with’ to 
the: power plant, which in thiscase consists of a 4-volt ‘storage battery. 
This figure shows two telephone transmitters’ and two helmets, which are’ 
used in connection with an‘ interphone ‘system’ provided as ‘an ‘auxiliary to. 
the wireless’ teleplione. This ‘interphone system’ enables two persons in 
the same airplane to ‘converse’ with ‘each other ‘by ordinary telephone, and 
furnishes in itself a valuable communication system ‘entirely exterior to’ 
Where ‘ communication between ‘an airplane and a groutid’ ‘station is, 
desired this communication is effected’ by ‘means of a special ground ‘set 
which has ‘been developed’ to correspond with the range and wave-length - 
using the apparatus ‘above described, the only manipulation 
of the aviator is switching from the! transmitting to the receiving apparatus, 
or vice versa, as required. Ranges ‘of 'séveral miles between planes are. 
easily accomplished and under extremely favorable” ¢onditions ‘much’ 
greater distances have been covered. __ 
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NEW TYPE OF APPARATUS. 
Experience ini the operation of the above type of wireless telephone’ 
the desirability of cettaim improvements, ' particulatly: 

ng ollowing; lines}. 8 iqtis oft To 
_ Reduction in. the. sizeof the. apparatus units: to. better adapt them to’ 
installation in the restricted. space available on certain types of airplanes. 
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Fic. 6.—REcEIVING UNIT (OPEN). 
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Fic. 8—New Type or ArrpLANe WIRELESS TELEPHONE. 


Fic. 9.—TRANSMITIING Unit ALONE. 
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Fic. 10.—Reckivinc Unit ALone. 


Fic. 11—Controt Unit ALone. 
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Use of a very much shorter wave-lengths to: make possible the substitu- 
tion of antenne which would not interfere with the use of the airplane and 
which would likewise reduce the amount of radio interference which would 
be experienced on the Western Fronti) 

Accordingly, a new type of set was developed during the summer of 
1918, the essential elements of which are illustrated in Figs. 8, 9, 10 and 
11. » Practical trials.of this equipment have not proceeded: sufficiently: to 
indicate the superiority of this’ set from the: standpoint of its use by the 
— Its superiority, however, from the standpoint of. installation is 


WIRELESS VS. WIRE TELEPHONY. 


Any prophecy'as to the future of the wireless telephone art should take 
due account of fundamental differences ‘between wire and wireless 
telephony. While it is conceivable—thoagh not probable—that improve- 
ments in directive’ radiation may be ‘evolved which will cause the 
part of the waves radiated from a wireless ‘station to choose a particu 
path, rather than to be spread broadcast as at present, there will always 
be a far more definite and restricted path for wire telephone signals than 
‘or wireless signals. As a result, it may be safely predicted that wire- 
less telephony is not apt to supersede wire telephony in any of the fields 
now occupied by the latter: ‘The application of wireless telephony to new — 
fields, where wire telephony is either impossible or impractical from econ- 
omic considerations, will furnish abundant opportunity for service of 
the greatest value. A combination of wire and wireless telephony, each 
in its own field, may result ultimately in a-telephone system covering the 
To the average person the most interesting commercial application of 
wireless telephony is transoceanic, such as is suggested by the long-distance 
experiments mentioned above. ile the scientific aspects of the question 
are such that the development of suitable apparatus for effecting’ reliable 
commercial service between such points as New York and London is a 
comparatively simple matter,.economic questions have up to the present 
prevented serious consideration of such a project. It is entirely conceivable 
that improvements in the art may soon bring the cost of such a system 
well within the limits imposed by economic considerations. @ 
Wireless telephony between ships at sea or between a ship anda shore 
station is a logical supplement to the:.wireless telegraph service now 
furnished on practically all, ocean-going steamships. In this ¢ase, as in 
the case of transoceanic telephony, economic considerations: are apt to 
rétard the extension of this field until the development of apparatus less 
In the field of aviation, however, wireless telephony presents‘a number 
of advantages which it is believed -will result in its rapid adaptation to 
the needs of this service. Entirely aside from the popular interest attached 
_ to telephone: communication. between different’ airplanes, or “between an 
airplane and a ground station, the practical value, particularly of the latter, 
is sufficient in many cases to justify the required expenditute to provide 


this facility. it 
special fields not inclided in the above: which’ may 


There are various 


call for the use of wireless telephony, such as communication between 
various islands of a group—for example, the Hawaiian Islands—the wire- 
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less télephone furnishing in this case trunk lines for tying together the 
telephone exchanges on the various islands. a 


MILITARY FIELD. 


‘The 'use of wireless telephone apparatus in combatant military operations 
during the war was practically negligible. ,This should, however, not be 
interpreted as an indication that wireless telephony offers no advantages 
for military purposes, but rather that the training of personnel in its use 
had not proceeded sufficiently to warrant its use. Communications within 
various units of an army frequently call for extreme mobility of the 
apparatus. The prevailing method of establishing intermittent communica- 
tion between temporary stations joined by wires laid on the ground is 
obviously far from ideal. If wireless telephone apparatus can be devel- 
oped by means of which different centers of command can be kept, in 
constant touch with each other while all.are in motion the advantages of 
such communication will compel its adoption and wide. use throughout the 
communication system of the Army... . 

In naval operations the use of wireless telegraphy is so widespread that 
it forms an indispensable link in the naval communications system. For 
certain kinds of seryice the advantages offered by. telephony as compared 
with telegraphy make it extremely desirable that. wireless telephone 
apparatus be developed to meet the requirements. The present state of 

e art indicates the certainty that this can be done... 

In the field of military aviation wireless telephony finds its. greatest 
present opportunity for immediate service. The requirements. of inter- 
airplane communication are such that the telephone is peculiarly adapted. 
The use of wireless telephony within an airplane squadron at. once makes 
possible the development of the squadron into a military unit wherein the 
various members are subject to the command of the leader in exactly the 
same way as military units on land and water. The development of 
airplane squadron tactics is therefore made entirely possible, whereas 
without: the telephone it is corisidered that’ the difficulties of communica- 
tion between various’ airplanes would have made such a development 
impossible. Communication’ between airplanes and ground’ stations com- 

rises. an. equally important phase ‘of the’ operation of military aircraft. 

itherto these communications have been chiefly those for directing heist 
fire and the wireless telegraph ‘has served this purpose reasonably well. 
The availability of the wireless telephone, however, will ‘open up new 
possibilities in the use of airplane to ground communication, an example 
of which is furnished by the present operations on the Mexican border. 
Scouting parties, accompanied by airplanes, traverse the extremely moun- 
tainous country, with airplanes ghee the land forces and at intervals 
reporting their observations: If we imagine each of the scouting parties 
to be equipped with receiving apparatus sufficiently portable so that it does 
not in any.-way interfere with the movements of the party, it is at once 
evident that they could, without delay, be kept informed of the observa- 
tions of the aviator, by direct telephone communication, This extension 
of range of vision would be of immeasurable value. 

, Developments which have occurred ‘during the war tare while essen- 
tially .of,a military character, are immediately applicable to both military 
and commercial needs, These developments point the way to further 
progress in the art which it is believed will, within a short time, establish 
wireless telephony as an important element in many phases of our military 
and commercial activities—“ Journal of The Franklin Institute.” |. 
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THE ‘UNITED STATES NAVAL COMMUNICATION . SERVICE, 
By Caprain S. W. Bryant, U. S. N. 
‘ACTING DIRECTOR, NAVAL COMMUNICATION SERVICE, Navy 


Mr. CHAIRMAN AND GENTLEMEN: I am sure that you. will regret to 
know that Admiral Bullard, who was to deliver this lecture, is. unable to 
do so on account of absence on duty in France; and as he has delegated. 
me to substitute for him, I shall do the best I can to outline the activities 
of the Naval Communication Service. 

_The practical use of radiote phy for communication with vessels at. 
sea, in the development of which the United States Navy was one.of the. 
pioneers, resulted in the erection and operation, by the Navy, ofa chain 
of stations along the coasts of the United States for communicating with 
Naval and merchant vessels. For several. years.the development. was 
restricted mainly to material features with the result that no nares was. 
made toward utilizing the radio facilities that were available ina well-. 
thought-out plan, except, of course, for tactical uses in the Atlantic Fleet: 
where its development was fostered and great improvements were made 
in the fleet itself so far as related to the tactical operation of naval units. 
There were a number of coast stations which, individually, were excellent: 
so far as range and operation were concerned, but we had no organization 
to co-ordinate their operation with that of the fleet. 

In 1912 the so-called Naval. Radio Service was established, with Captain: 
Bullard as the first superintendent. It was apparent that the material’ 
progress made in radio was at that time much further advanced than) the’ 
administrative and operating features, so that efforts were concentrated’ 
immediately on a plan for the establishment of a service’ of communica- 
tion that would serve the needs of our fleets and merchant marine to best 
advantage, both in time of war and in time of peace. We had a number 
of stations along our coast that were individually very good, and Pores | 
good, and, so far as their operation was concerned, were very 
they were not connected up in. such a way as to serve the i arebte oF 
the fleet to the best advantage. 

The plan outlined provided for’ continuous communication with our 
fleets and among the various sub-divisions of the fleets, y well as for tne 
co-ordination of all naval communication facilities en as to provide a rapid 
and reliable interchange of information between all ky organizations 
afloat and ashore, 

The advisability of combining all naval communication atti vitied that 


is, telegraph, iprrony ck cable, etc., and’ radio—under one head was soon 


appreciated hy the N: Department, and the name of this office of the. 
lepartment was pt from the “ Naval Radio Service” to the “ Naval. 
Communication Service.” and it was placed under the Chief of Naval 
Operations. where, logically, it belonged. It consists of three main. divi-_ 
cific and Philippines, and each division i is subdivided 
i istri 
The Director of Naval Communications exercises his. authority, through 
the division heads superintendents), who, in turn, direct the. district, 
superintendents. far as is practicable, the communication. districts. 
coincide with the naval districts, and all, matters of..an administrative 
dees within.a district are handled through the, Commandant of the. 
to whom the district communication superintendent is directly 
rene operation and of naval communications: 
the 1 
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* The distribution ‘of orders jor instructions and the. dissemination, of 
information from the Navy Department, or from the heads of the variond 
naval units, is thus provided for atitomatically. As an illustration of how 
this works, it is-only necessary for. the Secretary of the.Navy to write 
one message, and if he wishes the entire naval service to receive it, that 
is automatically taken care of by the Communication Service. Each. dis- 
tributing office knows to whom it should send this message and from:whom 
to expect acknowledgment. The ‘acknowledgments are gathered in to. 
the coast superintendents, and eventually to the communication office in 
Washington, and the acknowledgment is delivered directly to the Secre- 
tary. is same’ procedure may be’ followed by the commander of any 
naval unit for the distribution of messages through his: forces. £4 

I want to. call your attention ‘especially to the importance that. other. 
countries have attached to communications, because we feel that the people 
in the United States do not appreciate the importance of a: satisfactor 
system of American world-wide communications; certainly not so much 
as is done in foreign countries: The British have two routes to the East. 

radio in addition to their’ cables running out through the Mediterranean, 
Dutch have undertaken a very elaborate program. They hope to. 
have their radio station on the Island of Curacao communicate across to. 
the Dutch East Indies. The French have also ‘elaborated their. plans, 
and the Belgians have in process of erection a radio station in Belgium 
that will communicate direct with the United States and. with their posses-. 
sions) in the Belgian Congo. This, of course, is in addition to the cables 
that are. largely controlled by the various countries. England has been 
especially active in extending her communications, and wherever her com-, 
very valuable experiment was car out by avy rtment 

in May, 1916, in which all the naval. stations within the continental. limits. 
of the United States were connected upto a central telephone switchboard 
in the. Navy Department, and by means. of which instant telephonic com-. 
munication could be had between the various naval stations and the Navy. 
Department, and also among. the stations themselves . This was made. 
possible through the assistance of the American Telephone and Tele-. 
graph Company, and. its value later.on, when this country declared war 
agninst Germany, was clearly proven. It was during this test that the. 
mmandant of the Navy Yard, Mare Island, California, talked by tele- 
phone to the commanding officer. of the battleship New.Hompshre,. which 
was then at sea off the Virginia Capes. The Commandant’s remarks came 
by long-distance telephone from Mare Island. to Arlington, where the 
transmitting station was installed, and from there out to the New Hamip- . 
shire off the Virginia Capes. The greatest value derived from this experi- 
ment, aside from the knowledge that such rapid communicdtion by tele- 
phone was available to the Navy Department, was the fact that all of the. 
apparatus necessary was specially marked and could be placed in operating 
condition on twenty-four hours’ notice. As a result, the interior com-' 
munications of the country, so far as naval needs were concerned, were, 
on the outbreak of war, in excellent operating condition, and made the 
task of the Navy Department, in communicating its instructions and orders. 
to the various naval stations, ‘a comparatively simple one at the dine of 
the declaration of war. 

We have one cable running from the United States direct to the 
continent of Europe that does not touch foreign soil between the United 
States and the European country, and that is a direct ‘Fretich cable from 
Cape Cod to France. All other cables touch in ‘British territory or in 
the Azores. In the Pacific—we have one cable to the sings | mand 


American; but the British have a cable running down from Vancouver 
to Australia by way of situa- 
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tion’ in ‘the Pacific is a very ‘serious: one.’ ‘The British: control the cables 
on’ the east coast of Brazil from: Buenos ‘Aires ‘up’ north: e Americans 
control them on the west coast and across to Buenos ye fe Every 
British possession’ practically: is connected by some berpasred of rapid::com- 
munication: with the mother country. 

On January 1, 1917, the Naval ommentiniention Service operated: fifty- 
five’ radio: stations, distributed along the’ coast’ of the: United: States’ and 
its: possessions. ‘Naval vessels were equipped so that they: could’ receive 
only one message at a time. Not all of the American merchant vessels 
equipped‘ ‘with radio apparatus; ‘some were’ equipped with poorly 

radio! apparatus, and ‘none of their’ radio’ operators: was: proficient 
procedure: of communications during war. ‘The ‘Navy:t <only 
radio operators in’its service; 3 

‘The radio technical equipment of the Na as ‘good: as) any in 
general use in the United States at the time, but: the demands: for com- 
munication: proved: that the technical ‘equipment would have to be in- 
creased and improved to’ conduct all of the ‘necessary communication 
demanded :i in time of ‘war.’ 

"At the: beginning of the war thé demands: for quick communication 
increased by leaps and’ bounds. It was found necessary to communicate 
with: ships in all parts of the world, while at the same: time: to maintain 

-distance between the Navy -Department!:and) our 

outlying’ possessions ‘expeditionary forces. It was necessary ed 
maintain continuous and rapid communication between the Navy’ 
ment and Europe, South America; Central: America, West Indies; Pacific 
Coast, Hawaiian Islands, Guam, and the: Far) East.’ The! most 
important centers of communications ‘were at Cavite, Pi Hawaiian 
Islands, Canal Zone, Washington: De Cc, and the capitals of the Allied 
nations in)/Europe, » 

To meet: the ‘for commimication, the Navy's facilities’ 
greatly and rapidly increased, and means: were provided for 

isseminating information to: every ‘part of our coast and to 
vessels in Europe, South ‘America, and the! Far East: 

‘The Navy took over and operated fifty-nine commerciafi 
the same time the several privately owned stations were closed, including 
all the stations operated’ ihe eas amateurs, which were not necessary ‘nor 

t by. avy “war, all equip a 
thus more than doubling its radio facilities: onshore: ' 

were equipped with imptoved: apparatus, $0 that! when 
the armistice was signed, battleships were able to receive four messages 
fleet could tall and: transmit three. ‘The ‘Commander-in-Chief of ‘the 

fleet could ‘to the captains of vessels ‘in the fleet ; while; at the ‘same 
time, the various ships of the fleet could communicate: with one another. 
In addition, and at the same time; airplanes could communicate with ‘their 
respective battleship ‘units. None ‘but naval: officer appreciate the 

_ value of such.a system or how much ‘such a system facilitated the freedom 
of movement of the’ fleet: | 

The Navy Department equ alt: merchartt vessels with 
modern apparatus and ke operators: for’ so-that ‘these merchant 
ships could receive messages at: any time of the day and transmit’ messages 
at distances in case of distress. 

The Navy had to train most of its radia men because’ the radio’ amateurs 
in this country. soon in ted in ‘the army and navy. “These 
operators were frained at Harvard!) In ‘June, 1917, there were 350 students 
instruction. the armistice = signed | there were '3,400 
under instruction, ing graduated at the rate o 
about 200. week...A total of! about ‘7,000: operators completed their 
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training. In addition to the radio operators, it was necessary to train 

officers for communication duties on board the ships. At the time the 

armistice was signed, each ship of the Navy had a communication officer, 
each merchant ship had a chief petty officer who performed communi- 

cation duties and, therefore, relieved the master of ship from a very 

vexatious 

year ore the war there was handled approximately 

dispatches me 8 the Navy Department. These dispatches averaged about 

25: words 

From: April 6,) 1918, to April 6, 1919, 1,000,000 dispatches, 

of ‘an average: of about 30°-words each, were handled from the Navy 

nt alone. ‘Some ye these dispatches, on account of the necessity 

of broad-casting, were sent twice in prom to insure their delivery. 

As it -was assumed. that the use of radio aratus by ships at sea 
enabled German submarines to ascertain more or less accurately the move- 
ments of such ships, communication by cadio! merchant: ‘ships was 

ued. except in case’ of emergency. Men-of-war were cautioned 
not to use their radio apparatus unless necessary. ‘However, it! was very 
necessary that information should be! received on shore’ regarding ‘the 
movements of the enemy, and that the’ consequent orders to ships at sea 
should be transmitted expeditiously. ‘Therefore, in: order to direct the 
tmovements of convoys, and to transmit information: to naval’ vessels 
regarding the enemy, and to issue orders to both merchant ships and 
naval vessels, comprehensive ‘system’ of ‘transmission ‘from shore ‘was 
organized with the view of making it unnecessary for ships at sea to 
use their radio ‘apparatus. 

» merchant ivessels listened. ior: their orders Secon. certain designated 
shore stations during certain: hours of the day. ’ es ‘were 
sent by ik Sieh and low-power stations, depending on the'distance' of 
the ship from shore: ‘Naval vessels intercepted messages’ from shore 
stations at all hours of the day. In order to send a message to a naval 
vessel at sea; it was necessary only to transmit ‘from certain shore stations 
on a designated wave-length. It soon became evident that this was a very 
sure means: of communication... Many times, fifty or’ sixty messages were 
transmitted. to’ sea simulatneously,’ all destined for different classes of 
vessels, and they were received by ships in accordance with the plan. 
- The foregoing system’ demonstrated that ships at sea could be warned 
of mines and submarines, and their movements directed without the: neces- 
sity of their using their own radio apparatus. The system was automatic 
to such an extent that; it: was almost certain that a vessel could be reached 
at any. time, 

Tn ‘order. that. errors: in: this sistent might eliminated in render 
that the Navy. Department might be informed of the movements of vessels, 
there, was ‘established a Shipping Information Service. A’ confidential 
bulletin was published showing-the movements of all United States vessels 
and as many foreign vessels as: could ‘be obtained.: This information was 
collected from, all:'the important ports of the world and the ‘data’ printed 
in a booklet. This service grew to such an extent that’ the ‘booklet ‘now 
contains the names of approximately 12,000°vessels, their arrivals’ and 
departures, character of cargo, and destinations, and is of! much value to 
shipping. and business; interests.: It-is' the present plan to have the Naval 

mmunication Service continue this: Publication until Congress ‘makes 
other: disposition publication.: 

_ In order to check the radio work: of merchant a’ comprehensive 

stem, of, inspection was organized, both in the United States and ‘abroad. 

very merchant vessel ‘that came into port received a thorough’ inspection 
of its, radio apparatus, and the radio ‘operators were ‘examined arid ‘thor- 
oughly instructed. -Any mistake indicated in the log-books was investigated 


4 
i} 
in 
4 
4 
é 
zit 
7 


"NOTES. 


and the operator instructed as to the correct method of handling such 
cases, 

» Besides: inspections, the Navy maintained a comprehensive system both 
at home ‘and abroad of radio repair stations.’ Any radio apparatus on 
board ship! which had broken down was repaired when the ship came 


to 

Te soon -became'‘evident that’ if the commander of the United States 
forces in Europe was to ‘maintain close touch: with all of his forces, it 
would be necessary to establish and control a complete system in Europe. 
To this end cables were laid and land wires ‘and radio stations constructed 

in France, England and in Italy: The Navy used'a great many of these 
land wires and cables that were constructed by the Signal Corps’ of the 
Army. . Close co-operation was maintainéd with ‘the Allied communication 
services with the view of utilizing their whenever possible and 
with the view of avoiding duplication of effort. 

During the war it was ‘found: necessary to maintaits radio 
tion between the United States and our’ naval ‘and’ military’ forces’ in 
Europe ‘and in other parts of? the world. October, 1917,‘ the Allied 
military and naval officials had a conference to determine the best: methods 
of ‘operations that were to be used in maintaining communication between 
the United: States and Europe in case’ the cables were either cut ‘by: the 
enemy ‘or’ otherwise: placed‘out::of: commission.” 

It‘ was: decided that’ the United: States’ would use: the: radia: at 
New Brunswick, Annapolis, Tuckerton and Sayville’ for’ transinission 
purposes ; but at this ‘time none of these stations was in reliable communi- 
cation with Europe’at all times of: the-day and year. Therefore, it was 
necessary to increase the power of Tuckerton and Scale and to ‘place 
more. modern apparatus New: Bruriswick.*» The ‘radio ‘station at 
Annapolis had not been completed, and: orders were given to ‘tush the 
construction: «There were only two ‘transatlantic: receiving: stations, 
one at ‘Chatham, and one: at'Belmar, N: 

Europe’ ‘the: only: radio’ stations’ available for use im transoceanic 

- communication were those at Rome, Italy; Lyons, France, and Carnarvon, 
Wales. Of these stations, the one at Lyons, France, was’ the” ‘only ‘one 
able to communicate satisfactorily with the United States: 

None of. these stations was equipped with high-speed a 
none was equipped i in such a: way as to-avoid intentional interference Sheng 
radio stations in Germany and the systems of operation and control were 
noe such. that large volumes of traffic could be 


handling a few important messages. Later, wheh it 


both-i in the: United and in resulting in @ centralized’ control 
of four United States: high-power radio stations’ from ‘the 


receiving station® at: ‘Chatham and-B and: Bek r were not’ as! 
necessary. The power of the radio stations at Tuckerton, Sayville and 


and if possible from Rome and Carnarvon. ‘Messages from the United 
Statés destined for Europe were to be transmitted from New: Brunswick, 
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‘Brunswick had been: At the: time: signed, 
the United States yea was capable of handling several thousand words 
per hour, and the’ whole »transoceanic system was able to, transmit. and 
receive messages simultan without: fear. of intentional, interference 
from Germany's high-power radio stations. -Also,' just before the armistice 
was signed, experiments in high-speed transmitting and photographic 
—- had begun... Had:it been necessary; the transatlantic radio service 

one have been capable of' handling all of the: Government traffic between 

Europe and; the United: 

When the United States entered the war it was noticed’ that! the Cente’ 
Powers were conducting a comprehensive scheme of propaganda. by wire- 
less. Counteracting this were) the systems..opetating from: France and 
England. The United States had no means of distributing American news 
Rapeatons, the world. Therefore; it was decided to use the transoceanic 

tem of Seg Navy to distribute, news.of.a‘reliable nature from the United 

tes. The. transatlantic. stations. transmitted ‘this. press news: to Europe 
and South America, Naval vessels in South America received the press 
and distributed it tothe local papers in: those countries. The European 
news. was distributed: by Admiral, Sims’ headquarters and redistributed 
to the various capitals,of Europe, including points in Russia. The Central 

erican, news was. broadcasted: aged the .Navy’s station: in 
the Canal Zone, and was received in the northern part-of South America 
pines, ia, avy's transpaci -power 
stations. These reports were. véd in the Philippines, Shanghai, 
Vladivostok and Japan, | and disteibuted. to the local papers: in = 
countries, 

During the war it was found: ‘exceedingly. difficult locate here 
the United. States’ who were using radio apparatus unlawfull 
when. the; German: submarines began. operations off the: United Sona in 
June, 1918, it was found that, although the radio signals’ of the submarines 
were intercepted . by naval radio stations the’ coast, there were no 
efficient, devices by which the exact! location of the submarines coats: - 
ascertained from. their, radio signals. 

miscuously, an t operated in pairs at they co 
tated the use of radio... 

In order to counteract the foregoing: situation, : the Navy developed a 
comprehensive. system of radio compassés, by mearis of} which the bearing 
or direction of the enemy’s signals could be obtained. Also, all signals 
copied, so that every’ time a »messagé was sent the: Navy ‘could trace 

Shortly afterwards, it was noted. that the: submarines did) not use 
ae radio, and. it is believed ‘that the Navy's shore radio compass system 
robbed the enemy, of a-vital, weapon, as the radio compass'not only made 
it dangerous for the enemy to use their radio for communication purposes 
between one another, pat also: ‘prevented: them: from: using: it fo 


r sendi: 
_ decoy distress message 


Later. the the Navy in a plan to the: ‘progress of 
troopships” authorized the construction of fifteen: additional radio compass 
stations, making a total of thirty-four on the Atlantic:and Gulf Coasts. 
Ahee radio compass stations were at harbor entrances and enabled’ ships 

at sea, to. enter port without consequent delays due to thick ‘weather and 
fol was a very item: ‘in-the:war as-every minute counted 

a ship’s voyage: 

After, the armistice ; was signed, the Secretary authorized the slieste 
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total fifty-eight. in the United | as 
aids. to navigation during time ‘of 
technical bureaus. of the. Navy Department: dee pace with, the 
operating departments in. their advance! inthe! art of radio communication 
and. in. co-operation, with the radio engineers of the country 
‘some remarkable developments in-radio duting the war... 
Efficiency high-power, Was increased from: 30. to: 90 
pes cent. Not only was greater efficiency. arrived ‘at. with: cost, 
tthe power of.,transmission! was increased: For! example, the radio 
station at .Bordeaux,, France, ) which. is being. constructed, under: the 
auspices of the Navy Department, hee. an-input of 1,000. kilowatts. Its 
mage estimated to be 12,000 miles. It has eight 820-foot towers. ri 
reiwas an: increase) in speed of transmission, from: about: 30: 
@ minute. in prearranged tests. .One of the . difficulties: in: high-power 
stations. was. sleet onthe have arrived: at by 
which - sleet: :is, now prevented from accumulating on -the -wires’ of ‘the 


antennz. 

The valve: has: developed freien a non-oscillating an 
oscillating transmitter. It is possible to receive rddio signals by the an 
method and. to transmit ‘signals from the valves at: comparatively an 
distances... The;,valve is used also in the transmission of speech, and 
very efficient for this.- 

Another, feature, of transmission as ‘that it permits of: very. sharp 
tuning, which in turn permits simultaneous ‘transmissions: froma great 
many, statioris. . It, is. believed: that: it: will be: developed: im ‘the: future to 
such an. extent , that it) will replace most of: the: neg, snort 
transmitters, 

Another feature ‘of the valve is that its life has increased a 5 hours 
to over 5,000 hours, -which is a very important item in the expense: . 

- Great improvements have been miade. in: receiving apparatus in that. they 
are more selective, and directive receiving: has increased: in ee 
0. to, 75 per'cent.,) The old type:.of overhead’ antenha >is 
replaced by! the use. of balanced loops: and’ undergrotind | wires,: radio phase 

changers, and low horizontal wiring. 

It is now: possible to receive signals om submarines ‘while submerged 
at depths. of: 20: feet, from shore: stations, aircraft overhead,:.and: ships 
afloat... This' system was: used ‘to: advantage ‘in sdirecting our: ‘submarines 
off our coast when they were hunting for enemy submarines. «© 

Another improvement has been made in the radio compass, which was 
pm ee first for detecting the positions of enemy submarines, but is now 

oped. into, an aid’ for With properly trairied: personnel, 
ek Navy is now, able to give ships their positions: without any lar, a 
This, will. be a great beon: to our merchant 
the.-delays caused. by fog and:thick weather, besides. 
generally, more. safe along the coast): 

An_ interesting experiment: was carried: on in San ‘from’ the 
‘station. at Goat Island: during:.a recent :visit’ of the: ‘Pacific: Fleet 

rt, A radio telephone was installed Goat Island, in San Fran- 

harbor connected by -wire the telephone: company’s 
pon ase in San Francisco. .A. man on ‘board ship 'was.thus able to . 
talk to his, friends on shore in ‘of ‘the! city.» Atso,' this’ friend’ on 
shore call. up.the ship: from:his home.| “This} means’ ‘of’ :communica- 
with popular Gale during the:stay 
developments. just! ae, indication’ of the ‘possibilities 
ofthe use of radio communication in the 
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- If the general public of the United States is to receive the best sort 
of service in radio communication, it will be necessary for some central 
controlling agency to regulate the matter. There are so many different 
private services that naturally wish to have radio communication that the 
only solution is to have it regulated by some central authoritative agency. 
For example, we have heard that a man in Waco, Texas, desires to build 
a radio station to communicate with another radio station in Boston. 
This service is for his private use. Another man desires to communicate 
between Detroit, Mich., and Los Angeles, California. This also: a 
private service. Another man wishes’ to communicate between  Phila- 
delphia and New York. ‘This is a private service. Another man wishes 
to communicate between Chicago and. St. Louis. This is a private service. 
— of such private ‘service will soon’ demonstrate to the’ public 
that the best use of radio communication is being handicapped. The man 
who: has. the ‘circuit Waco, Texas, to Boston may receive: interfer- 
etice from the man who has acircuit from Detroit to Los Angeles. The 
man‘ who-has the service: from Chicago to St.Louis may’ receive inter- 
ference from the man who has a service from Detroit to Los Angeles. 
Unless ‘there is some central regulating body which has the powér to 
regulate the use of radio in accordance with the development of the art, 
it is believed that the future demand for radio communication will be 
limited, and in consequence: the art will not pr as much as “it would 
if it were properly fostered and regulated. The extensive tse of radio 
in European countries by the Allied armies and navies with the consequent 
gained has: demonstrated ‘this fact) 
Po illustrate: ‘how, naval communication district: acts, I) should. like 
to-take.as an ‘example the Third ‘Naval District, which extends from 
Rhode Island to Barnegat Inlet, and in which there are eight coastal 
radio stations which are located as follows:. Montauk, Ij, I,; Fire Island, 
L. Rockaway. Beach, L. Sea Gate, N.-Y.; Bush Terminal, N. Y.; 
Navy. Yard, N.:J.; and’ New London; Conn. There 


are also five radio compass ‘stations ‘located as follows: Montauk. Point, 


Fire Island, 1.5:Rockaway Beach, L. I.; Sandy Hook, N. J., and 
Mant radio and) compass: stations are’ all controlled 
from one Central Control Station, located at No. 44 Whitehall Street, 
New. York City, at which place are also the offices of the District \Com- 
munication Superintendent. Direct wires from each of these stations 
lead into. the: Central. Control Station, and by means ‘of ‘a plug-board ar- 
rangement similar in type to that used by the telephone companies, any 
one of these stations may be used as a transmitter by the operator on 
watch ‘at the-control station, fab. 
The control: station is divided into.a number of booths which are mag- 
netically shielded from one another and which contain receiving apparatus 
of the most up-to-date type. Each» booth: is' given a wave-length ‘which 
the -operator on watch must guard. There is no transmitting apparatus 
at this control station, all transmitting being done: by means’ of distant 
control through one of the other stations: mentioned above. Therefore, 
if the ator 1on watch ‘at 600. meters receives a call and desires to 
answer, promptly plugs in on a wire to any station he may decide to 
use and transmits via that station. He is listening all the time to what 
he is sending and should: he hear a distress saenh he could instantly stop 
and give his attention to the distress call) Ol. 
chief electrician (radio). ison duty at this «control: station ‘as super- 
visor of traffic. On his: desk he has a receiver which enables ‘him to’listen 
in and keep check on the traffic being handled on the various wave-lerigths, 
and, from time to time, gives orders to the various operators and stations 
so as to avoid interference. Such) a‘ system’ of: supervision’ was ‘found 
necessary in order to overcome some of the difficulties brought about 
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by the large increase in radio traffic about the port of New York. The 
excellent manner in which this system functions locally about the port 
of! New: York is another ve gs of: the necessity of radio supervision 
by one central controlling ing agency 

All: the ‘stations in the Third "Naval District, however, are not at. all 
timés controlled from: the Central::Control If traffic warrants 
it, some’ outlying station, such as Montauk or Fire Island, is given orders 
by the supervising ‘electrician to handle traffic independently. At such 
times, the outlying stations are practically acting as agents for the 


The great’ advantage, bes ides regulating radio: traffic. and extting down 
the amount of interference; is that should any of; the. stations in the 
district, or the control ‘station, hear a distress call, or. any other emergency 
arises, the control’ station can immediately |, stations, to .stop 
g, which will leave the air clear) so that. the, emer; may 
taken care of. The ability to stop all stations in the district instantly. is 
an absolute necessity in time of war and: proved itself of much value during 
the = the German submarines were: active along the American coast. 
stations are bontrolled in-a_manner to the 


supervising The. procedure followed by: a which desires 
her ition is as follows: 

owessel calls: NAH,” the: call of ‘Navy Radio New. York, 
off with ‘the ship’s call tetters, followed the. international radio 
abbreviation QTE,” : meaning,“ What «is beating?”..or with 
“QTF,” ‘meaning; What:is: this. signal . is: 
by the operator on the compass: supervisor immediately 
informed. and he; by means:of a master) key, which controls all. wire cir- 
cuits to the conipass stations: simultaneously, notifies the compass stations 
that the ship is calling for bearings and gives) the: wave-length by which 
the: ship: will transmit: ‘The: radio operator in the meanwhile: has acknowl- 
edged the ship’s call arid instructed :the:ship: by sending dashes 
on whatever wave-length he may: specify. The compass: supervisor; who 


-also listens into the radio signals, leading 


to! the stations when the ship commences to send dashes, or, in other words, 
tells all stations;:'“:There he: is: now.” » All five stations in. the district 
then take bearings on the ship which is transmitting, and when the super- 
visor. calls: for same, forward. them ‘to the » 

‘supervising operator: enters upon a: speci prepar e 
bearings obtained, and before transmitting: these bearings to the vessel 
plots: them: ona chart specially’ prepared for :this' purpose, noting whether 
‘a good: fix was obtained. Ifthe bearings obtained: were good, he turns 
over the radio blank with bearing rings on it to one of: the radio” operators, 
who, in turn, tfansmits: it: to the vessel. If. the bearings: obtained are 
poor, as. shown by. plotting them on the chart, the compass supervisor 
informs. the radio: operators, who request the: vessel; toe wepeat, in. neder 
the: a new set, of bearings may be. obtained. : 

The average time required to. obtain: the. them: to 
a vessel is between three and: four minutes. -In thick weather :there ‘are 
many calls for: radio: bearings, and the: five stations: in the: ‘Third Naval 
District are‘kept busy.,: It:is always: the desire of the supervising compass 
operator to obtain bearings aor as many stations as possible, in sega 
en all check. If bearings can be obtained from three or 


station in the ‘district is connected: with the Compass Control Station. at 
Whitehall! Street; New: York: City (which:is)in the same room with 
the Radio: ControlStation) by: means of: direct wires... The; compass :sta- 
tions are not with never work inde- 
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four stations and these. bearings all ‘intersect at’ one point, he! ieithep 
reasonably: certain that the bearings obtained: are accurate. 

A means of checking- radio compass: statiofis has been. devined: in the 
Third Naval District and placed in operation there. | By: close, co-operation 
with the Navy Route Office, Custom ‘House; New York, where all ‘masters 
of vessels call’ for information regarding: shipping, much data:has been 
obtained which has proven itself useful in compiling: efficient: curves and 
records of the behavior of the radio compass stations; This: system has 
been devéloped inorder to be: able: to tellat anglance -how each station 
behaves and what the ster} error is in 20-degree sectors. It has been 
found that in some Sectors the compass may read minus; while in another 
sector it ‘may’ read’ normal: of plus. »With such datason hand :it is com- 

aratively easy to make tests and recalibrate stations, as it is already 
what directions:and> by much the’ station is .off.'' Such 
may influen either Dy ¢ in a position o e 8, slipping 
of the compass’ dial; or due wo dietarbing influences i in the vicinity of the 
station, suchas telephone wires, ete.) 

‘I justswant word in regard to the 
radio compass stations! ‘You have seen’ a photograph’ the tind’ of 
they have to perform their duties: in; and most’ of ‘the ‘stations are 

similar isolated places: In’ the 'wiriter’ time; especially, there ‘is ‘quite 
a strain on the operator, ‘and they deserve much credit for the “service 
they have’ rendered. They have. to’ sit quietly ‘in ‘a small hut on some- 
lonesome’ beach, listening continually for which to obtain 
bearings, in order that navigation may’ be less: dangerous and: life 
and property at sea be safeguarded. One of the»greatest drawbacks’ to 

present radio compass installatiotis is ‘that depends upon the 
human element. What’ is ‘badly needed, ‘atid: which will ‘undoubtedly ‘be 
developed in the: i near: future, is ‘an. indicating ‘instrument for use 
in connection with loops. When such; an instrument has been devised,’ rit 
will be quite’ simple and more accurate to’ obtain bearings’ on any radio 
station. Ait pfesent very much depends upon the operator’s acuteness of 
hearing and: judgment, ard as long as: such i is‘the case, absolutely: perfect 
bearings cannot be guaranteed: . 

I want to’ call’ to the flexibility of the Naval. Communication 
Service: and cite: as an instance’ the flight of the’ NC-+4.. A: message was 
transmitted from the Navy Department to:the plane during its transatlantic 
flight, a reply was received ‘from the plane, and this reply ‘was transmitted - 
to London, Paris, San Francisco and the:Canal Zone; and an acknowledg- 
ment ‘received from those stations, all within three minutes of the time 
of beginning the first transmission to the'plane from the Navy ment. 
Of ‘course; every one 'was'-very much interested: in’ the flight: and the sta- 
tions were all very keen to give the very best service, but this remarkably 
— operation was even a little better than we had: anticipated. ese) 

uring the Peace Conference the Naval Communication Service handled 
all of the radio communication: forthe American delegation,’ During the 
past summer; at the request of the: American Relief Association, the com- 
mander of ‘our naval forces 'in European waters: put the*Naval: Communi- 
cation Service personnel on land’ lines, handling the ‘Relief Association 
messages ‘throughout certain countries in Europe; and’ are now 
handling that service and will continue to handle it until peace is 
proclaimed. This: involves a’ complete’ communication central 
Europe; and gives the Navy, as’ well as the American Relief Association, 
communication »system een ‘its: London and 
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~The Communication Office of the Deparment has banded during: 
the. last year the: following messages?) 


Sent to ‘Europe by Navy Department. 
Sent to Europe by, other. Departments 3,645 
Sent to. home. waters by Operations 
Sent to home waters by bureaus and other 351,516 


Received from Europe by Navy Dept. for. Navy. 
Received, from Europe by. Navy Dept. for other depts... a 
Received. from home waters to 49,950 


‘The foregoing total was handled as follows: 


By Costal Radio 1,621,542 
By High: Power Radio, Transatlantic Continental. «416,215,423 
By Leased Wire, Western Union and Postal 


The above figures are exact, excep t the Bureau: dispatches, vovhiish 3 are: 
_ approximate and are based on the daily ratio of bureau dispatches to 
others during the last five months since an accurate record has been kept. 
You will note that there were approximately 71,350,000 words handled 
by the Naval Communication Service. The high-power radio handled: 
approximately 16,000,000. The leased. wires. handled ap 
53,000,000, and the coastal. stations handled about 1,500,000... 
During the period of demobilization a very large commercial business 
_ was. done with returning transports, some of the larger transports handli 
fifteen hundred messages in a single month, the men wishing: to sen 
messages to their friends + home. In order to encourage this use of! 
radio by returning troops, free service was accorded military | personnel 
and civilian employees of the Government in so far as the ship’s sending 
charges were concerned. Of course, this served to increase. the trafhe 
and the othe ce to wth their. famili aly no 
e period o e war and unti 1919, no 
was obtained from traffic with ships. was 
fact that up until that time no personal. messages were cer 
eo Allied countries, with one. exception, had agreed to handle messages 
for Allied ships free of cost. as regards shore station tolls... Pre-war 
charges were placed in effect. for United States shore stations on April 1, 
‘1919, and foreign ships were char, ged regular shore station tolls...) ! 
Owing to the congestion of the Pacific cables, the Naval Communication 
Service reopened the transpacific circuit to Japan and the Philippines on 
December 19, 1918. This service, so far as oom was concerned, tne 
the place of the service inaugurated by the Marconi Company about three’ 
months previous to the outbreak of f. war, the Navy carrying out the 
agreement as to tolls between San Francisco, Pearl Harbor, and Japan. 
Owing to the large volume of Government business this traffic was restrict- 
ed: to: full-rate business only.) 
In November, 1918, the telegraph and telephon lephone rear Pubs in charge 
of a lieutenant-commander, with five: officers; twelv officers’ 
and an enlisted. personnel of about: one hundred and a Fora he telegraph 
stem of the Navy tiga at that time included wires from ‘Galveston, 
Department ‘extended se H., there: 
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ate telephones from the Department to New York alone. 
Thee of the Navy was handling 4,000 messages: 
a day pe the Navy telephone ange was handling 18,000 telephone 
s per day. 

‘At the time of the armistice, the Daily Shipping Bulletin, tied I think 
I referred to previously, was bein ao | printed ona hand press and about 300 
copies a day were being distribut It was very roughly made‘up and had 
not assumed any permanent form. The personnel consisted of three 
officers and about 100 enlisted men. = 

By July 1, 1919, the circulation of' the Daily Shipping Bulletin had 
grown to nearly 2, 000 copies a day. It was being Perea on a power press 
and had assumed a standard form. Of ‘its total circulation nearly 1,400 
were commercial firms, such as shipping companies, marine underwriters, 
ship brokers, exporters and importers, press associations, etc. The Bulletin 
contained the names of 12,500 ships with news of: their latest: movements 
and the record of nationality, register, tonnage and cargo. The popular 
demand for the Bulletin is growing daily and its success as a government 
activity is assured. Arrangements are under way to estab sh a per- 
manent civil service personnel for the operation of the Bulletin to replace 
the enlisted personnel whose enlistments will expire or whose service in 
the reserve force will. terminate,’ 

The censorship of all cables was ene from this office through 
branch offices : 
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remove from all messages except those addressed to or from German 
territory: This act — reduced: the activities of the section arid: all 
branch offices except, Washington and New York were closed. On July 
23, 1919, all censorship of cables was removed and: this section © rapidly 

n closing, I- wou to say areste¥ing tb et peopte-in 
the United, ‘to appreciate the value of and we 
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. feel that every foreign country of consequence—England, Germany, 

France, Italy, gium, and Holland—appreciate the great importance of 
communications and of having a system of communications over which 
they have control; but’ it seems that: the thet cil in this country have not 
. fully realized the benefits to cominerce will naturally follow if -we 
do have. an‘ efficient .communication service with foreign countries, or 
such a service to those countries with which American commercial in- 
terests wish to:do business. 

In. the Pacific, one of the most vital considerations at»present is getting 
reliable news: from the Far East into the United States, and from the 
United States into the Far East. The attitude in China toward Americans 
is one that could not be better; their feeling, as expressed to»me by 

le who have recently been in China, is one! of the deepest friendship 

or us, and the question of establishing communication with them and of 

getting reliable and: recent news to and from China is one of the most 
important questions of the day, and I wish to» emphasize the point that if 
there is any way of impressing — the necessity for 
communications: and the interest the: United: States should take in 
it and in its development, and in fostering the development of high-power 
radio or it is patriotic 4 to do — 


THE ACCIDENT TO SUBMARINE? 


Mr. Hillhouse’s Account, released by the Admiralty, of the Accident in the 
Gareloch in January, 1917. 


K.1 13 was one of two vessels of the double-hull ty 
Fairfield. Company late in 1915. She was’ noticeable on account of her 
size and method of propulsion, being over ‘330 feet-in length, ‘of. 2,600 tons 
displacement, and fitted with water-tube boilers and steam turbines for 
surface propulsion...For underwater work she had. the usual’ storage bat 
teries and, electric motors. 

On, Monday, January 29, 1917, she “procected: to Gareloch to carty out 
her acceptance trials and, made a successful dive to83 feet, remaining 
submerged for about two hours. The-ship was duly accepted, but as the 
boiler had been too hot during the dive to enable the watertightness 
of ‘the funnel covers and. boiler-room ;véentilators tobe checked, another 
short dive of about a quarter of an» hour's duration was: asked: for and 
decided upon. 

On board, at'the time of diving there mete: ratings, 
11 Admiralty and sub-contractors’ men, and 14 Fairfield officials, standing- 
by only, the ship being worked entirely by her own crew. The day was 
fine and the vessel lay near the shore a short distance from Shandon 
Hydropathic.. The hatches were all- closed and so reported, and the illu- 
minated signal “Engine Room Closed,” signifying that hatches, funnels 
and ventilators had been closed down, was seen to be so set by those in 
the control room. Capt. Herbert, after a last look around, closed down 
the coning-tower hatch and_ordered half-speed ahead on both motors. 
When _a suitable position had been-reached, opposite Shandon Hydro, he 
gave the order to-submerge, the hydroplanes were-set to diving: an 
the vessel gradually sank below’ immediately those 
in the control room became aware that something was wrong, as the depth 

uges showed that the vessel was sinking much more rapidly than was 
intended. Orders were at once given to blow all tanks and noe to. the 
surface. In spite of this the vessel continued to sink Be oe Mr. ae 
worth, the Admiralty Boiler » Overseer, in’ the “room 

when submergence began and, through the bull’s-eye in the side of 
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passage, saw water pouring into the boiler-room. Meantime, the depth 
ere in quick succession 20 feet, 30 feet, 40 feet, 50 feet, and 
ly 55 feet, when the vessel came gently to rest on the bottom with a 
slight ‘list to port and an inclination of! about 4 degrees up by the bow. 
The actual depth was afterwards found to be 64 feet: 
Stock: could now be taken of our position. Repeated telephone calls to 
the engine-room met with no response and we feared the ‘worst for our 
comrades in that portion of the ship. Luckily our batteries were fully 
cha ‘The compressors: were run for a short time’ to reduce>the air 
pressure in the hull and to relieve our ears. Our position appeared to be 
desperate’and I do not’ think there were any on board ‘who had more 
than the very faintest hope of ever seeing blue sky again. As it happen 4 . 
the captain of £. 50, which was also in the Gare diving trials, had 
been watching! our dive-and “did not like the look of it.” He dropped a 
buoy to mark the spot and’came over to meet the tender, Comet, which was 
returning to stand by and discussed the matter with Mr. Cleghorn, who 
had also become;alarmed:on account of the large quantity of air which 
had come up. Mr. Cleghorn immediately pr ed ‘ashore and :communi- 
cated by telephone to Fairfield and to the Captain Superintendent Clyde 
(Capt. Bryan Bartelott), and: at once things ‘were set going. re 
Shortly after settling down, we began to open the watertight’ doors 
. again to obtain more room and more air. The watertight door leading to 
the submerged torpedo room was cautiously opened, releasing two men 
who had been shut in. The compartment was found to be practically free 
of water, though its after bulkhead, constructed to withstand a pressure of 
15 pounds per square inch and now enduring nearly 25 pounds, was leaking 
freely and a considerable quantity of water was coming through the voice 
pipe, and the glands for cables, telegraph shafting, etc)’ ‘Water was 
gaining at the rate of about 2: feet*per hour in’ the amidships torpedo ¢om- 
partment and at intervals:the electric bilgé pump had to’ be run for short 
periods to: eject this. For the 48 persons in the forward por- 
tion of, the: ship the available air space was a 12,000 cubie feet, giving 
about 250 cubic feet of air per person, and unless the air could be renewed 
our allowance of oxygen would last only eight hours: ‘We actually carried 
on for:about 42: hours on what air we had. ‘This we ‘do by 
drawing upon our compressed air ly, atthe same time forcing some 
of the vitiated air back into’ other bottles by means of the air compréssor. 
On Tuesday the air was so bad that ‘a'‘match when struck produced only a 
slight: smoke, but:no flame, and as the air in our submerged prison became 
more and more impregnated with carbonic acid, so did our breathing be- 
come mote and-more difficult and-we had to inhale and exhale with painful 


When day broke, on Tuesday morning, we could see a greenish lig 
through the. periscope.. We raised the masts to ifidicate’ our ‘position, br - 
afterwards learned that they had not broken surface, though the top of the 
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The after portion o roof was occupi 
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should enter the the: Hower inte i 
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tower and 


, to. th case Commander 
cit fled attempt: epider, was 
was, a. wel many 
two emacs of most My 
tered conning-tower door, 


We. waited for, noise. of the. 
| thumping. om our roof,; But. no, signal came. 
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fore, mast was bent: wel ver. due. tots aving fouled one of the, salvag 
vessels, About we rd, heayy; on the 
outside of the hull,, But. so, drugged were we by the bad. air that we, ha 
minds that one te should endeavor to reach the surface by way of the 
oe conning+tower, and as the captain of a ship is pugncee in_ all. cases of 
abandonment to be the fast to leave, Commander hart undertook to 
make attempt. The conning-tower was a heavy brass casting, elliptical 
in horigontal_section,-5~feet. 6. inches long by 3 feet. 6.inches wide and 4 
Daly trom 
Dipe was 
could be a 
joint and a 
end of the 
pressed 
Valves de- 
oped 
flood 
ame equal 
ing 
she | 
tower at this time would he about feet deep val 
raised, the air above this level, and below the 
cape and he teplaced by ap inrush of sea water. Was pen 
on, afid, aide ty its. of low, C soodhar was to, 
room..door fo, the surface, As; soon, as. he had gone,: Her 
was to. shut. off the air | | close tke | | 
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We’ wer ito’ gather forward he and 'p frotii ‘below, Finally,“ 
space of ‘the tank’ bulkh the We ‘tore’ away ‘all the 


wood g at this place*and’ then n top of 
torpedo’ tubes, eagerly awaiting the through ‘which 


hole about'18 inches square'was quickly’ cut;“and amid resounding chee 
from the men’ crowding the decks fhe we began 


was about 10 p.m. on Wednesday night—55 hours after. ou: dive—the 
cluster aiid crowded with faces, rose the snout of K, 1 


party, "Phe ox ene’ flamie was set work and ‘soon the arixious 
below saw point burst througti' the roof of their pie 


wd 
We shave. already. wiblished. an’ abstract of 


be mode of the, orts made by number of 
and carpenters the ‘it was hoped to be 


The; necessary: ‘insteuctions ineached Fairfield “gers after stopping time on 
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HE 


tube an up ‘to the surface on the it was 
out of the tube through: then be removed 
som lowered:through ‘tube "to ‘get the’ people’ inside! the Hull to 
open ithe torpedo shateh,: through’ ‘which the ‘imprisoned men’ could 
since 


to 
would: be able to: the much ‘less to lift it, it was deci 
iby means of it desided, 
pipe. Actually, the tube was never ‘used, ‘but it was‘a tance —* Shipoat ided, 


THE ‘FACTS: ABOUT consmiuction. 


No of the Jate war captured popular imagination 3 
= horfor aroused ‘in “all ‘civilized “countries by, the ruthless 


¢onduct: of that ere’ was a Wi d 
illegal: ‘ th a esire, ray be 
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he’ and in a Pw min he inne bare to the rescue 
St survivor was, being helped to Irecaom and 
Shippitig Record.”* t sh 
4 
diately decided to construct one 27 inches in diameter’ and» €0 “feet 
q with a box..at) the: lower -atranged could’ be -fitted 
4 over, the, outer hull amidship torpedo ‘hatch: It: was' tobe 


at types, but! to, and authentic list of the German. subn 
effort. ,year of the war has been placed. before the 
public. We are now in a position to publish guch. tables, which we venture 
to think will prove of considerable interest fo our readers, following 
tabular details. | notes have been compiled from. évidence, submitted by 
the German A, ty to the. “ Untersuchungsausschuss”—the Commis- 
for investigating war responsibility—at Berlin, . The 
hich cannot be guaranteed as accurate in every respect of 
to ‘machinery, speed, and radius, which have been ie on the 
material from reliable, but not official, piu seg 
At the outbreak of war Germany posses 
was. ho foundation for. the rumors that a large number 
add tonal be secret... The truth. was that Ger- 
mag author} esita to spend large sums of: mo: 
weapon, pon, and Admiral ral pty who ily that ‘ine 
rtua ictator of German naval policy, pr og expres: 
as to. the value of submarines. On theo the maj 


von Arnauld de la éte., caused: us 
_ and the long voyages they made led 
their dintensions; fact, ‘the submarine U 23, which went, from 
hhelmshaven to the Dardanelles in the waeet of 1915, and there: sank the 
battleships “Majestic and Triumph; 
‘smaller than ‘our boats of the largest” Contin submarine 
completed in 1914 was of and it ot until the third year o 
the war that the’ 1000-ton’ mark’ was ‘teached, great majority of t) 
German submarine fleet boats of quite moderate size, ayerag- 
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that the enemy himself did little to. satisfy this. curiosity, He. drew, what 
he fondly hoped was an 
and if the public on this, side was largely ignorant as to the number and aes 
type, of submarines which had ducing the War, the Ger- 
man, people themselveswere .equally, in, the dark... .Howeyer, thanks tothe 
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Armament. 


Armament. 
| Tubes. 


é I 


Guns. 
4 
3 
4 
3 
4 
3 

“4 
3 
4 
3 
4 
3 
4 
3 
8 
3 
3 


tons. 
238 
341 
842 
2,020. 
1,548 
489 
1,128 
2,600 
2,676 
1,350 
Boats A 
268 
350 
16,822 
550 
4,848 
2,271 
2,877 
3,156 
4,932 
12,927 


t,, 
dded 
Taste II.—Submarine Construction in 1915, 
Taste ITI.— Submarine Construction in 1916. 


tins. 
685 
725 
115 
768 
791 
1 
168 
tons. 
7165 
768 
810 
765 
808 
167 
859 
750 
263 
274 
417 


splacement, 

7,635 

8,800 

2,145 

2,804 

3,955 

2,159 

2,520 

26,418 
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2 
1 
2 
| 
No. of units} Di 
1 
8 
3 
3 
17 
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Numerals. 
No of boat: at 
of 1914 

Nu 
U. 99-101 
UB, 18-29... 
UB. 30-47... .. 
UC. 16-46 .. 


1 
2 
3 
5-8 
9-12 
U. 13-16 
16 
17-18. 
19-22 .. 
23-26 .. 
27-28 
U.A. 
U. 29-30 
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‘never atrived. Not until after tice was it made known 
_ vessel had been lost with all han empting to make a “crash dive” 
necessitated; ibythei approach of a Brifish \patraln: Before the remaining 
boats.of the Deutschland class were ready America had declared war, 
and their occupation They were at.once altered, inta 
vessels, two tor the, bows and a, Of 

eu na her; moc or 
the proceeds’ to wo: table fund. She is, by no means an 


chject of beauty, but her chk appearance and generous lines are sugges- 
tive, aE hese ‘These: vessels ‘are Softer ‘spoken? of ‘asthe 
German “sibthérsiblé cruisers,” but that ‘distinetion' bel Ww the ' Uz 


were.nearly ¢00-tons lighter thaw ithe Déwischlands, 
mounted only one 59-inch but: they’ four tubes and ‘were ‘fitted to 
smines.- JA‘ very: much bout, diso ‘built! in21917; ‘the’ U"'z 


of 1.930 tons. The total deliveries: iar 2997 re-set forth’ 
le N 


the end of third ye “of Germany, 
ti e was a 
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suc 
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q redlized this, for their, programme of 1918 included only. nine U-cruiser 
hi ‘boats. being small dimensions. . 
of th | 
survey of German 
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eclaring ed or“: 
he close, of sinking the U. boats 
more quickly. t they: :cor ilt; .steady improvement in our 
counter-offensive: was displayed by the sudden increase of U-boat casual- 
ties in 1918.—“ The Engineer.” 


‘THAT WE SHOULD BUILD, 


Although’ the Scientific: Aiericon has urged strongly that it would be 
olly io ahead ‘with ‘the six 42,000-ton 


battleships, we would not have the impression go forth that we are op- 
posed to all naval ship building. On the contrary, there are: certain tyt 

of vessel of which the Navy stands sorely in need, vessels without which 

it ‘would still be characterized by that balance which was so glar- 
which we so often drew attention, in the years: pre- 

“As matters. stand ie’ have no, scout truisers that ate worthy of 

the em, and Birmingham, which did Petts lard 

ow to meet the exact- 


of Cong: 
made 

bein; we presume 
that ign to which 


tons" displacement. It is 
various engagements these vessels acted as the leaders 


372. boats mounted. between. them: 40% guns, .viz,, thirty-three 5.9- 
inch, and ten 5 centimeter, or 4;pounders, together with 1,492. torps 
tubes. . "They carried snipes, pampered, 11,6 
In Table, No. VIL the number, of submarines possessed 
by, Germany—allowing for losses—-at the end of.each, war year is,shown :— 
End ‘of ‘1986; 188°) Jan, 188 
of 1948.02... 372 Nov, 11, 1918......, 170 : 
ig Sof modern scouting service, Ihe scouts of the 
Navy have gone up in: size to: from 5,000 to about 10,000 tons; they carry 
heavy’ armaments “of 7.6-inch guns, and they have of 
 about.,30 knots. "High speed is an’ absolute ‘necessity in ships, that. must 
scout far’ ahead of'a fleet, of battle-cruisers whose range 
from to '32 and “who maintain high speed in any weather. that 
Comes ‘their way. For this reason the scout must have length and weight. 
Now we had made an excellent start before we entered the war by 3 
authorizing ten large and powerful scouts of 35 knots’ speed, work upon E 
' which is now being prosecuted; but ten of these ships is not sufficient for : 
of our and.an additional ten should receive the endorsement 
ox Another type of greatly-needed vessel in our Navy is ‘what is calléd the : : 
flotilla teader. This is simply an sually lar; of about 2,000 | 
< on’ each ‘side in the 
and flagships of the 


fa ‘ompared with 
hey they: ate sap rik ‘si and appliances, 

battery is heavier, and havé'a equ of ter 
ent, the ‘destroyer is’ rather to it ‘in ‘effort. Mate’ 


battle cru lédders, with, their’ greater, 


act’ as ‘Screens on such occasions. 
we should ‘build “a number ‘of submatines a or ex- 

wide Fadia eet ment and ical radio- 

th on the taper and below ‘would ‘be ificed 


fifteen torpedoes, ms atid an anti-aircraft 
we build a“ general purpose stibmarine ” of about 
whic’ should ‘ihe best combination that the can evolve 
rican,” 


SHAG 


exceedingly, strong position telativel to ‘the other navies of the’ world: 
comparison of dreadnought ‘stren showed if the present 
programs’ of the various powers are completed, the United will 
stronger than the combined forces of the ‘next three great naval 

Ve 19 as against 21 for Japan, France and Italy 

fitain, ‘of Course,’ becatise’ Of ‘superb 

the’: ‘war, Was thati’ ourdelves} ‘but’ in’ 

wi ent, ‘all’ of the. haval 


fs the ‘that isi its sishe, is 
doing ‘to’ the iextent building’ 18 ips! 


Board ‘has ‘recommended an ‘additional three ca 


| 
s the war. Great Britain has got rid of all her pre-dreadnoughts and ar- = 

: mored cruisers,’ some) of; her: earlier battle-cruisers, and: is seriously con- 

to be’ driven ‘bythe! néw electri¢’ drive; -were'a success: In: addition 

to ‘the’ admitted: advantage! of controllability; the ship has already 

shown’ herself'to be:superior in ‘the 're- 

ciprocating “engine and ‘steam:turbine drive.>: This makes :it fairly certain 

that ‘the electric: drive! willsbe the drive of the future for all of: our 
vessels,)''The British seem well satisfied with :theit! :mechaitical reduction 

| gear which is being utilized for the transmission of over 37,000 horsepower 

shaft, Our 48,200-tom battleships, known: as numbérs’'49 

to'54>"with 684: feet overall length, have the: enormous ‘beam: of fect 
they will carry 6-inch and have a.speed 

| Sed Sy ‘the beam to Deon | 


latest 


eat 


fo 


use, Of. its cost an 

riteno qitle, intiqns. beanss oved 2209 > 


tormy-mind: by a perusal of past [presi:: 
tier the side: of engineering has been 
ted Tather:more than the personal or hurian element, and Lipropoge ite 
take! advantage! ofy my» ‘position shebe evening::to. help: redress: 
yearsoto come the:worldi will all, the! engineets jit, 
firodube torepair the rebuilding,’ for, reconstruction 
and for the openihg+tp of mew: countries and: siew; Wexean. 
afford: ‘to 'neglect forthe. ipfésent the «competition: of) there: is; 
for ally ‘It be, the:proud boabt of the engineer that :his 
work,’ rightly: applied, |is!the greatest: sivilizinig 
Railways shi airt: (bridges, : nnels, ‘roads, 
‘oved telegr. ‘andtelephones; in agric eband 
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electric 
prot 
500 fons, speed has be 
no, doubt: that ‘thé armo 
isers if 
s 
t 39, he, wrquoise, which steamed 
four Hours at an, average speed Of 89.6 
last, few months th year have brought forth ‘some’ startlir 
leye that the day hip has 
ait ‘will, mean THe coltiiand bf the’ | 
«proved. At the same ‘thne, Sight 
lane. has Deen m 
largely subsided, and there is’ 3” conse 
that this type will figure even more-ext 
ee of the various navies. The type of ship most favored seems.to 
: one of our S t. Whether huge : 
submarines of th llacement and 
were built fhe, fleet an 
| engage, in, fleet ac bigh-speed, 


cms, 
g 
th édiication a 
day ithe 


picts, fil 
‘Apt to get ct ons = 
maybe. but and solel ly. men) i 


€ see the. li 
‘disdster,.to 


‘tha 


is 

cars. 
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and, "possible, a. 2 ra- 
of 
‘que, “but 
af the ‘whole organi 
R-center of the whole orga 
3 t Lit. » 
Os 4 mers" 
ag” 
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n deli tes to contract, there is abun fant opp 
creep in. But think it “will generally ad fed 
at the stuff ‘that goes ot that as to be scrapped 
infinitesimal; ‘and ‘this is’ only rendered ‘po by t rand 
culiar training of draughtsman to. w Thavye re e 


is ig ig né, or boiler, or girder— draws the parts; 
t ish 
Several firms in recent years a gly 
Policy. “A''system' ‘has been inangura ereby improvement 
produced ‘by an employee meets an onetary reward as 
soon as its value is established. “A is taken in the joint flames 
firm:and ‘the inventor, thé ing all expenses, ‘and lottiny 
he invetitor a gerierous ‘proportion 6 ‘that accrue, 
is a pleasant contrast to the days, ‘not , when. employee who 
presumed to invent anything and patent it at he own expense was, looked 
upon with disfavor,’ and suspicion ‘of disloyalty. Tf the: 
was ‘good it wads cheerfully tiated by any unscrupulous ‘manufac- 
turér, who knew. full w the ‘inventor, not, to, enter 
proceedi against him. 
Generally, everybody, the ek comminity, gai 


a_well-protected 
atid intelligently-devel invention. as by originalinventor 


is ‘sometimes’ victimized ; ‘but it is often his own Fe H is really, comic 
to watch the antics of some amateur inventors, ches ask for.an interview, 
and-then' they ‘are scared to death for fear you shoul d idea before 
you have’ committed yourself or your firm to “ pi Often 
they’ ‘have’ not" dared ‘corisult’'a ‘patent, agent. ‘What is 
to prevent him twistin thing round until they reco 
it, and’ 'then showing that it’ has. been done before? 

for the Guveriment why ‘should they let the Government peddle; the 
work of their brains at 6d.a time? ‘It is all very. ‘wrong-headed, of course. 
You casi ‘make no progress with man distrusts, you, and ; doubtless 
in some hatd cases in the past there thas, beet for his, attitude; . 


‘The joint systém, however, wertul ‘protection , 
employee, ‘and Of afl patties oncérned, From, what have 
séen the system works’ se possibilities i in, 


and facilitating worksho 
of the saddest thin ¢ 

with f arfal ‘apprehension to time, w ic, gha receive, the. 
“Your, services ate. requited.” Their. one, is; 


die in harhe as'not ‘to become 
thet lana ig dnt Sten 


tvive fong 'to'be tden to an 


foresight when young to weigh themselves up and 
that I'am ‘néver going to be hing more. 


hi 


of quick: preset jon ; but was content to suffer 3.cons inution in 


de 


9H 


» 

. 

‘ 
/ 


no val 


simple Workmen's Insurance: Act to 
the higher gra staff Soret the of the is in operation. in 
‘Ben risk could. be, .as- 


from: existing actuari: 
to contribute a, fair share.” carryover; one: 
the ag necessitated ‘by the york and 
Government: could, if woul which 
would make it a truly national institution. he be 
that a petision commensurate with the position to,,which man had at- 
tained on Tetlteanene would follow naturally and automatically as a matter 
of course, without any suggestion of favor, or grace, or consideration of 
merit; and no one, whatever his circumstances, or however well-to- 
do, need be ashamed to accept. it. Happily, there are signs of awakening. 
It is a hopeful sign when one finds the chairman of great business com 
binations, employing, tens.of thousands of hands~going out 
breach and practice.the new doctrine...» Lo 
of their pro eer seems to continually working ‘him~ 
self” out, job for others, constructs a:-machine 
does the work of 10,000 and. makes perfect; and fool+proof' that 
it can be manipulated by, a,child,, Therejis nothing left: for him that 
e; he ‘as it-is out of sight--and in- 
vent, another and a better one if he time wheh it wad 
necessary, two! chief ¢ engiheers.on. a-vessel fitted with a 


le. trunk coring, one;t after: each cylinder: Nowadays one ‘chief 

the responsibility -of, any;- driving: three! ‘or ‘four 

fts,, What,a, rand thing it would be the: starting handles could: be 
geared up. to the, the engineer Does ‘he. 
complain? Not a bit "fe would be the first to create such a mechanism, 


must, express himself on eafivas| in -verse ‘the it or not. 


uch the same position, as the:house surgeon. in some big: ins tution, 

job, is: not so, to, work: eight hours .a day manufacturing: things; 

to be. always .at his: post,, watching,: thinking,.-measuring;: recording, 
ng pressures and temperatures, sampling fuels, ash, oil, wa 

ready for any and, every, emerg: a: joint blows: out in the, 

of night he st expect ito, “paid at overtime) rates’ because it isn’t 


wa mitous, if ever, engineers hécome infected wi 
of tome which involves paralysis and i in 
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loyee should view the future 
“fait. that the veterans, who . 

ve done their, turn. in. the. world’s work,. apd Hans borne the burden 
iP and heat of their day, should mot block the advance of; the yonnger, men. 
Autumn leaves must fall, to. make way for the spring foliage. nay it 
should not surpass the wit of man for a federation of employers and) in- 
surance companies to evolve a scheme whereby, these veterans would jbe 

| he | and. humiliation of on. to the:means. of 

ca Ca y Oga fas NOt yet. adopted D ngincer, UO 

not the fitter, or the mere engine driver; but the real: complete en- 

: whose instinct it is to create, to invent, to design and construct. 


As haps in’ tin 


matetlaf ‘side of en foe”, One 


of trepidation that the nét ted, ‘or ‘that they 
fill Hot stand the sttess anit of active''se ‘ 
enginéérifig; shal’ atta "materiel: 
ticts'G£' their nfs Tec 
thotght’ in ‘influential’ eater is. 
fidently looked for.’ Let ‘shareh will Hot” 
firiantial loss, bat will actually’ be 


cannot bel ton ‘of tis we 


ist ne i he 
of the medicat ‘and’ 


unions, 
ff ti would ring’ DIS WOi ely "and i 
tO TO tovel to more: YOR 110 927002 To 
propeller shaft is one’ of the ‘most’ propel the’ 
of a vessel, no matter what’ 
installed, and yet while the theory: under oh, 


to resist torsion, ‘thrust and bending} ‘can 
understood; agreement-has not yet been reachet the 
which rust! be: provided ‘ta allow “for: such effects ‘48’ Vibra 
propeller,;errors: of alignment either"th erection’ of subseqiietit! 
Marine ‘Engineers’ Design >and! Construction Conunttee: 

investigation is:necessary “is shown ‘by! the’fa that! the ye 

andi the. different) <lassification ‘societies: have whith give’ res 

which differ icon for ‘shafts ‘to ‘work ‘tinder ‘the same canditi 


Thus' for propelling: nery develdpin 

ati100-révolutions pér minute; ‘the the following figur fi rim 


rade, Lloyd's) Corporation: 
thatieven in so‘Putidamental Question, as th 
of of: shaft: considerable differerices ‘of Opittion exist! 
‘When to the details-of \propelfer ‘shaft de Pas 
vandi ‘pitch of bearitigs; ‘shaft ‘couplings; ‘stern’ tubés, te: differ- 
of opinidm és even:more’ pronowneed, and there 15° ample ‘scope 
uthoritative research into’ the ‘above ‘and’ many Problems 'in 


ings and 8,” read before the 'Liverpo ineerit 
cently, Mr Watson: drew” ‘attention 'té Oblein 
tit fotos bak sovinvar ditto matron the 


es, sala | 
deacter of 
sttire. 
harmd- 
| | 


turbine machinery. Thus while in the ef bs ating’ eng 
bearing pressures between 300 pounde and 400 sae per square inch can 


be safely employ crossheads ey inch is safe— 
ewing to the reciprocating” ena the 
rio be t, bearing: have 
pen 
i€ wedged 


: 
either bearings and. "in, Hew, of 
the Michell onl because. 


whi will ada itself. to leeti 4 


dear 


te the fi teal sar 


ithe. 
when rodebie in a seaway, and also thé possibility 
wave when out of thé The size oficthe ip er depends 
the size of the and weight of 

cannot) we! tions, » OF; 

hoss.ican be kept;.as -short possible the 
fect which, the, \sterm: tube hearing. It.- 
handly mecessary to, urgethat the propeller must, ibe. absolutely, rigid 
fixed-on the>sheaft in. order to, prevent) vibration, but;the,use ste 
feather: key as, advocated by the authoris worthyof notice, 
tube itself the usual practice of fi a brass ‘On seh 
lignum vite is: not, the: best, method» for 
large ‘shafts where the difheulty fitting - ds) consi 

in two; years: | ete. is ialso possibility of SOFEQSION Bet, 
the action of the sea water on — brass and steel ek. 


alth of, his experi _indicate of ays wh had 
with, the <difficultiés’ of ‘lubrication the, shaft beatings and the thrust 
Deal lms. Ld 

mending ‘the adoption steel tube; white .metalilined, fon carrying; the 

bare shaft throughsome/ form of. gland whereby the ingress ofisea water 

is prevented, some system of! lubrication beiag provided, to, keep; the sea 


‘om ff, and friction, “Some; ActHal 
esigning the bearings Or he 
el a atte Stern, is not. yet satis! factory there, 
a field for. the of d research. 
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Pit SUPE RE STE! ? 
all to’ dry the’ steam’ t wet the’ boiler, and! 


2 ad 


aise ‘its te rough a‘ pre-arranged number of degrees above 
lat ‘which the bolle. Ti ‘however, ‘isan ‘erroneous’ 
of ‘view, foe" actorditig to the ‘amotint of, wetness with which ‘the’ $ 


heater has’ to deal, ‘so is its efficiency'as a ‘Superheater ‘reduced 
in’ is t of the engine reduced.’ Thus, 
feat i steam ‘at 200'\potinds ‘per square ‘inch gauge’ pressure, ‘its faten 
is about’ 838' British’ thermal pound, ‘so that ‘per’ 
moisture requires'8.38 ‘Units ‘of heat’ in superheater to” it, “Henice, 
r degree ren ‘amount is’ e'o 
the temperature of steam through about 15 degrees Fahrenheit. exsing 
the boiler is fitted with a superheater of giving 100 degrees Fahren- 


heit ‘of superheat, if the steam enters Containing “only 3 
heit, while the superlies won If the fa 
it; ‘the “superlieat'-w oisturé’ 
the be reached about per cent. Wher if that the 
‘of the’ engine ‘may as’ bei red 
cent’ for'évery 10! grees of will 
tig the €ffect of moistite' on’! theater on the steam 


of the’ engine?’ "While, ‘of course,‘ 

is i prevent wet steam from passing hoiler, it''is 
obviously of ‘should ‘be’ fitting 

anit or separators 'to that the 
‘dr. ary possible" Shipbuildi ing: and Shipping’ Re 


oft Yo tiefew bas oft Yo foqu 
he destroyer  Tyrian, ‘recently ‘com sted by Yarrow: Scots: 


arial’ the remarked’ of 39.72:knots, 
practically identical with the Mounsey' and’ the: Turquotee, bat thas: 
the former ‘by*over half'a knotcand the latter “by” over vone+tenth “knot. 
‘Mounsey sawractive service and rescued gale of wind>on October 
6th,’ from” ‘the cruiser Otranto, Ter quoise: bei 
trials ast arch.’ qui 
The tength of the 973° 3 fect; her beam! 28: feet’ itches; ‘her 
ams 16° 3 i her'-dieplacement fully toaded’ 1,060 ‘tons 
and ‘her ¢'73'‘men, ‘She earries ‘an’ armainent of three’ 4-inch 
guic- ring two-pounder ‘anti-aircraft gun and two ‘sete of double 
The: condists of two: of ‘the Brown> 
Curtis’ combiried impulse ‘and: réaction’ constructed: Yarrow'-& 
Co.; provided with steam bythree boilers of the’ Yarrow’ latest 

type, with heating surface of 22,017 square feet,:of ‘which ‘about’ one-fif 
is superheating surface. The Vipeetiors are of the Yarrow single- 


4 
3. 


drum: type, and) are fitted side: ofseach boiler, an arrangement 
which, oproved highly: good! results 


obtained with this boat are no doubt to a largerextent due: to the adeption 
of superheaters. 


Weir’s closed f 


system air pumps 
the. old type are dispensed with, and in their place are installed twe 


extractor pumps and ejectors. circulating pumps wee 
supplied. & Co., and t force pumps, oil fu 
pumps fi are val of Weir's "Forced draught. fans, of 


which ‘six are fitted, aré Ye wii 
‘spindles, and their’ effectiv shown on the 


ing, we are informed, no shake even very, powers. 
On the official four hours’ full-power trial, of which a 

given below, the Tyrian carried her contract load—fully fin 

and with fuel on for a run of 1,000 at 

economical speed. 


Radius of, action apeed of 16 
Radius. of action at full 650 nautical miles: 


One of the outstanding fedtures. ‘of the Tyrian and sister ships is eS 
remarkably good quality they possess. At full speed they 
turn in a circle 500 


“FLOATING FOR NAVAL ‘MACHINES: ii 


will be tecalled- that battleships’ of 
Navies were provided with’ small biplanes ‘which ‘weré flown from runways 


turrets; “These: machines: were ‘of ‘the’ land 


peg Pn the devisn light flotation arratigements' w 
‘uppermo éven to t 
flotation with which name is’ Tn® its" 


- continues. 


front portion rodueed no. effect on 
the machine’s ot ‘the Wi en it wie desired to alight on water, the 
pilot first: pulled ;the string the «flap, and. then 
compressed air. a standard compressed. air: starting poe 
which mmunicated with the bags, -inflated. the latter’ to their 
capacity. The inflated bags provided. a large. buoyancy ahead of the 


wheels. had 'to ‘land.’ the water: ‘when ‘his fuel 
between the leading edge and the front spar: bags were normally 

_ deflated and folded fiat against the lower wing surface, to which they were 
held: by a fabric! flap permanently “fastened ‘dling the leading of the 

wing and clipped to the front a could be: simultaneou 
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center of ‘gravity of he machine, and: in: conjunction with” fuselage ‘bag 
behind the center of: gravity kept the machine: 


ie 


labor ‘staff in, the s tality of bunkering, etc., t 
should’ not be ‘lost ‘of that, to mproved circulation 
the Wits the of the it is to say, the per- 
the heat of the which is actually given to the water in 
boiler, ‘is cons rh increased. In the case of the ordinary marine 
boiler ‘having cylindrical furnaces the fire bars are removed, and the burner 
pare we at the tenter Of the front of the furnace. It follows, therefor 
t the furnace is heated alf over its surface, and, since the bottom, pa: 
of the furnace is ‘heated, it follows that the water in contact with th 
is also heated, and rising to the surface owing to decrease of Pit 
replaced by cooler ‘water. It is well known that with coal-fired boilers 
the heisigens part of the boiler often remains cold for many hours, and 
and the! resulti improvement: the grea 
increases the efficiency of the boiler and: at ‘the conse time reduces the 
possibility of local strains. .In a recent test of an: ordinary ‘¢ylindrical 
marine boiler with oil ‘fuel. an efficiericy “of per ‘cent was: 
a figure which jit:issafe to say would be 
Shipbuilding. and Shipping. 


“SUPERHEATED STEAM INCTURBINES) 


iis 

It is generally estimated that the gain in econom ths ot 
superheated steam is about 1 per cent for every 10 degrees of My tid id 
Thus, if steam haying 150 degrees of superbeat is emplayéd, the resulting 
gain should be 15 per cent, irrespective of whether the steam is employed 
crating: enaine Surbine There ‘are ‘certain. disad 


ad 390) 


vantages 
impo: effect high, em: te on castings 
sng dist and the of lubrication, the 


rious 
clearances. bene adopted with :cettain: types of turbine, 
opted i 


and the radial-direction; It.is, however, advantageous toi 
‘of, the which, in: to the highly: 


devel tof thermit weldi ‘Atte 


of the therm. proces for welding’ stern fram ‘rad frdmes, 
other ‘heavy “sections on ships: registered winder ‘th sification,” 


s.the ot, pressure: 3s often about two-thirds: ofthe total fall 
between, boiler and condenser;..so that! on the tem} 
perature of the steam has fallen to, suchia degree:that its effects are greatly 
reduced... Shipbuilding .and..Shipping, Record.” it.ot heagi!s 

St 


repairs and has:a great:many successful.welds of this, natur 
the: process was: never; officially . approved the “American Bureau: : 
Shipping. and. ‘most of the repairs, were 
them. It is due entirely to the unbroken record. marine 
that-the. Bureau: now accords its official sanction. to = process. , According 
to: a, statement. by ithe. Metal & Thermit Corporation there, has never been: 
a single: failure ofa thermit marine) weld. so far as it has been, able. to, 
patty’s jurisdiction. 
"Now that the United States prontises.ta,have one-of the isngest: merchaut 
marines: in ‘the..world,:and as. practically,.all .of the: ships:,which have: 
recently: been constructed; and: which:|will, be, constructed in. the future, 
“with the ing, the recognition 
of the thermit process by that Bureau bi fair tor 


FRENCH ABANDON: STEAM-DRIVEN’’ INE 


lop _steam-drive 


“that” steam as a motive power does not lend 
‘Of submersion, which is damental assét' of 
marine. According: to this authority, the former troubles ‘in bu: 
operating. Diesel comp overcome during the ‘war. 
latest French class Of 1,050 4,000, ho 
es, have instead been eng ong 


miles. a Sven 


A of of the motive power:df the; New. 
with that of other battleships shows marked economy in favor of the 
electric drive. Thus, at 12 knots’ Risetric the consumption in tons of oil 


per day was: for the, New Mexico sive) 15 as co: ed 
with her cruising turbines, 1 iain turbines, 
118, ai Mssssssippi for her cruis 99 “tons, or 
main tarbines 115. of ‘pet day. and et 


the New Mexico; was '263 tors, tain t 
and of the Idaho, iain turbines, 310 cconomy wat 


dlectric drive ‘at the ‘inter te! speeds" Seientife & 


lusions: as: to::various of the 
powers in the World. War,; expresses the interestin 
of tomorrow: will. different. from, that 


qualification is that. this Bureau be notified sufficiently in; advance. to: 
hane a surveyor in attendance during the welding operation as well as. to. 
sents his 
Entente 
theficct 
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hopes that the French navy will distinguish itself, among other-patticulars, 


along lines affecting’the ‘form’ of motive power’ and ‘also ‘the exterior 
aspect of fighting ships. He very strongly advocates that’ in all: vessels 
of ‘that navy internal’ combustion ‘be ‘substituted for! steam. >From! the 


military point’ of ‘view ‘the disadvantages’ steam; ‘he says, are multi-~ 


tudinous. ‘Only an ‘officer! who ‘has’ made cruises in’search of ‘an 
or who’ has ‘otherwise operated’ the ‘high' seas can’ fally) realize) the. 
great’ distance at which smoke from another ‘ship cam be ‘discerned; 
ships in time of war have always endeavored to-do,’ ‘can’ see ‘while’ at: 
the same time ‘seeking to ‘conceal their own presence.’ In ‘order to ‘over-' 
come ‘the ‘first ‘difficulty, the Admiral writes, and°to accomplish: the other 
object it is’ indispensable that ships be given ‘a motive: power by means 
of which their presence may not be revealed to the enemy long’ before the: 
hulls of the ‘ships themselves may be discerned above 'the horizon, either 
from the ‘deck of the observing vessel itself or from” watchful: aircraft: 
Another “great advantage° which ‘ships whose motive’ power:°is' internal: 
combustion possess ‘over those propelled “by ‘steam; he observes,’ is that 
the former require neither boilers nor’ condensers, which occupy’ much 
room ‘and add to the dead weight; and also that the ships are: not filled’ 
up with coal, also making for greater weight; and while of the same 
tonnage are consequently much. less encumbered than. using 
steam power. This last consideration, he points out, is a very important 
one in yiew of the fact that under, such conditions it is no longer neces- 
sary to place weight where. the ; of the exploding enemy torpedo is 
sunceppne of determining the explosion of ammunition on the vessel 
with which a ship, may .be refue @, particularly great. < tage over 
ships burning. coal, and making long cruises, and where the. taking in 
of coal is often.a difficult matter,, For some years the question of internal 
combustion.has been under consideration by, naval. authorities, he recalls 

not, alone for small craft, but.in the case of cruisers and other. craft of 
greater tonnage. The objection has been made that France. does not 
possess sources of oil supply, and while this is true, the noted naval critic 
admits, yet possessing coal mines it was able to contribute its share in 
haval operations during! the war. Furthermore; ‘he’ condludes, it is by no 
means certain that there ate 


) oil fields in Algeria, a French possession.— 
INVESTIGATION OF FATIGUE OF METALS.” 


An investigation of Fatigue Phenomena. in Metals under repeated stress 
bat been started the joint of the National 

tion. .of the University..of. Illinois. Engineering Foundation is pro- 
viding $15,000 a year for two years for this investigation and the Engin- 
eering Division of the National Research Council is acting in an advisory 
capacity, largely eras its Committee on Fatigue Phenomena in Metals. 
The experimental work/is being done in the laboratories pf, the Engineer- 
ing Experiment Station of the University of Illinois, under the immediate 
direction’ of Professor H. ‘F:' Moore, Research Professor of Engineering 
Materials ‘and Chairman of the Committee above mentioned.” 
Plans ate laid: for ‘a two ‘years’ program: of tests,°and' apparatus and 
material are already arriving for ‘the tests.‘ It is hoped to secure a’ con- 
siderable amount of data on tests of various mietals including a number 
of tests of each metal to 100,000,000 reversals’of stress. It is hoped ‘to 
study: the vatious short-time’ physical tests which are used for metals— 


q 
5 
» 


to see whether.any. of: these! give reliable: indices of the ability ‘of the 
metal, to.resist fatigue under: millions: of: of low:(stress. It; is 
hoped: that: some:reliable commercial test:for this Property may 
be developed by this, investigation. | 

oor party. of; fout five persons, is: being ‘organized:and the: ‘Unie 
versity: of Iinois- is, fitting, up a special. laboratory. wath, 


to Fory wery: ‘many reasons: dx pat- 


ticularly suitable :for:the propulsion: of: merchant ships, and yet! 
all thesé we are still’ a long way from: seeing the: Diesel engine »widely 
installed for::this purpose. It is) inmecessary:'to enter: here into, the!ad- 
vantages) of the Diesel ithey are well! known to marine, enginéers, 
sand have: been reiterated often are, on the:other hand, only 
‘two main reasons: which niitigate against its extended adoption of. beard 
ship, and. they are..its icomparative the -short- Jife..of 
certain of its essential parts: Many: marine iengiseering firms) now that 
‘they are free to.:develop:their, businesses. i in’ new: directions, ate taking up 
the’ design andi construction:.of' Diesel engines, :and::it isicertain that.in 
every: new ‘class)of engine’ built: there wilhbe 
come the two: draw referred to above. ne te 
of the, most::itportant: details, of; the Diesel the,one 
which fruitful source:of failure, is the: fueb injection 
-systemt: wellknown ithat:i the Diesel.cycle of; operations::the fuel 
the automatically ignites, the heat 
or work done: the 


ae air already cylinder. are thus: 


it is ‘comb stion space and becomes intimately 
mixed with the air that is necessary for its combustion, It must not be 


wo systems ‘hale been dev or ensuring “complete” atomizati 
the fuel first, the blast, sys in, as its, name 
fuel oil under pressure is arranges is 


the: cylinder; through'a fuel valveiso: constructed: that) it ubreaks up) the 
forgotten, however, the used on engines 
is usually thick residual! oil; ‘that:is to) natural ipetroleum as it issues 

i 

: 
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although ‘both systems are employed » by different’ well-known “engine 
Puaildersidnd each | possesses advatitages ‘which cannot'‘be claimed ‘by the 
-other,.” With ‘the e blast system’ an air compressor has to’ be ‘fitted’ capable 
\ofcrunning at! anything up ‘to: about 750 pounds: pér «square: inch, since/not 

only has the fuel got to be atomized,.‘butit ‘hasito:be injected’ into the 
‘compression pressure of ‘usually betweeti 450 and 500 
‘pounds ‘per square inch.’ Of ‘course; an air compressor ‘has'to' be: installed 
for providing air for'startitig’ purposes, but»with the air: blast) system: of 
fuel injection the air compressor. must_be begged running, whereas 


with the CO occasionally in order 


fcourse with ithe: solid it is: the 
“maximum ‘compression pressuré’ which’ ' mist be’ attained: in the cylinder 
of an engine with air blast injection is higher than with the other system. 
‘to greater stress in all: wi ‘engirie; 

‘the reverse isthe ave, since Can be rowed ‘thatthe ‘thermal efficiency 
‘of -an' engine depends only on the of working: sub- 
stanée°and ‘therefore the higher ‘the nal ‘compression pressute, othe: her 

(will obe'qseen, otherefore, :that ‘ft ‘tad 
clixadvdntages, and: lis>only ‘by: patient: experiment’ and’ research ‘and 
'byva.careful ‘study: of the'practical running of engines in every-day:service 
that ‘the «means! the disadvantages -will be discovered. But 


‘these and: ‘other: in‘ the ‘design’ and.‘construction! of Diesel 
ate: faced >and solved) sand no! doubt ‘time and study? will 
‘miover.—“ Shipbuitding yatge oon otat font 


Ohia Siete Engineer, Gardner S. Williams digresses on this m ot 


art 


‘lio 
physic: 


be‘considered as 
advantageous t to the experienc shows that the continual 


j breakdown. With; the solid system a:very high pump pressure is required, 
_ -anbone otype engine: 'this:ibeing less: than 4,000: pounds per» square 
-inch;;! but! of coutsethe volume: of fuel: dealt! 
use of air as the vehicle for coriveymg the: into the cylinder 
vhas the undoubted advantage : it) ensures’ that “the: of 
‘fuel shall: be ‘surrounded: with air «required ‘for ‘combustion; but: against 
‘this has tobe set the: fact’ that’ the suddet: expansion of the ait’ on entering 
ithe_cylinder,: due 'to fall ‘of »pressure,: lowers’ the tature of theiair 
matter 4 
‘ 
constructed develop the spirit of progress, 


rally divided and the the we) ing 


Maier; viSiONS, | Vi 
The ink ering requites know 


(mature, The professional en; who- by, reason 
ucation and. ‘€xPerience, ds..qualified to design. 
the construction ring WORE one o more of the major 


thi nition w. as submitted is 
is the science of 22s economically 
forces. nature. the. use and convenience. of man.” 
uid AS ase of, mod) 26 
fou definition which ab follows 
“ Engi Engineering s the science of industrial e and art of 
applying for the welfare of Aa engineer. is.one 
cand att efor; the purpose 


L submit to, ofthe acumen, the learning god the 
in 


“xperience of the d 
Of those definition 
_ @efinition of the engi or of engineering so that it can 


“PAST ‘AND: FUTURE: IN SHIP 
HUGE *betovin. | REPAIR\AND CONSTRUCTION? dt 


‘When the’ matter “of welding” in” With shia” 
corisidered, ‘immense possibilities immediately 
deen definitely ‘determined by and'€ 
‘that welling tan ‘be 'sa satisfactorily: eniptoyed ship consttuction® 
plates by welding wit ‘as haf oF get than; 
saving Of 38 per 


MITe- 
an. inte 
he fact is, gentlemen, that the. derlying spirit ef 
thing. that is “almost indefinable. The word did, mot come from 
engine. If We go back to where it did come from, ve find that. it 
from the same. root genius... Tf we, follow, that. back, we some to 
engineer th does fel belong, there, they 
are al past of but you have. real idea yet... When some 
markably adroit piece of parliamentary, wo is: done, some .act is passed 
through a, a ‘Congress that it not, thought: pos- 
le to be passed, we say, “ Who engineer that Pr” When you find some 
‘combination of Anterest. in. the mercantile world or. in commercial affairs 
or banking, you.won ler. who it was who engineered. thing; 
There, gentlemen, is the idea. . hat fog 
that ‘something that is behind and. diréets forces of, nature, 
Said ance. this evening, th Steatest. force Pitre 36,man, ..Whea, you 
the true Of the ‘engineer, it must, some- 
: IW incorporate this idea. That is as far as I can go with It... confess 
that .no..one., has been sable, to write a satisfacto 
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gettiat figures, as’ determined experiments of ‘the’ Em Fleet 
electric’ welding ‘it was determitied ‘that 
elding in the case of a 9,500-ton ship the saving in riyets' and‘ overlap 
‘plates ‘would ‘aniount in’ weight to 600 it’ possible for ip 
to” catry 500 ‘tons more targo on’each trip than would “be ‘possible if 
etc., had'been riveted instead of welded. 
n investigation by thé electric ‘welding committee thie Fleet 
ation has definitely established the following. 
That electrically welded ships cant ‘be built’ at as ‘strong’ as riveted 
at plants: Tor ships esigné easily be! 0 
as to adapt for €xtetisive ar save considerably 
in cost and tine ‘for ‘hull ‘construction 
° That’ ships’ lly’ designed ‘for “electric: én built at 
ane of 25 cent ‘over pfesent methods and in'léss time, 
eléctri¢ally’ welded’ ship “is ‘credited with mafiy adv, is over ‘a 
eted ship. In a 5,000-ton about 450,000, are’ used.” A’9 
dweight ship ‘requires 000 ‘or 700,000 rivets. By the weldi fon 
process the’ sav ng in labor’ on the ‘minor parts ship is reckoned at fi 
60'to''70 ‘per cent. the’ hull plating and other vital parts, the savin; 
cost and” ‘time: ‘OF construction by “welding is. ‘conservatively. 
That’ electric witt ‘some day''ta ly 't lace is also tie 
judgment ‘weld ed of eighty- 
OF the the ete experts bo th the electrical and” metal 
e 
Con ia the tabject’ of" weldi of itive 
has been made in England by Lloyds’ ing 
‘with regard to: formulating ‘Tules applicati the weldin 
Of ships.’ result Of the atid’ experiinents by 
technical staff} "it was Hat’ ‘the matter ‘had’ im- 
portance Warrant tlie of for ‘el 
welded: ‘vessels,’ and My “Been | Fo for ‘the arice’ OF 
‘builders Lloyds Regi Wat Sw od 


‘The | expe ted three 
Hines of of OF welded 
together” be rti€s’; cap welded joints 
‘tefisile’ ‘and $uich “4s ‘are 
‘regutarly ex Fusion aiid’ and ‘meta Hurgical 
to determine: if bety ween 't ‘the driginal and 
addéd nietal: SID! twit 


from 90 to 95 per cet’ of thé Origit A Of ‘from 
65 to 70 per cent in riveted joints, shawing a margin of 25 per cent 
increased strength in favor of the welded joints. 
vesult the tests’ of the’ elastit | propérties iof/-welded joints..aé- 
termined that there wasi'a slight idifferetice’in' favor the riveted joint, 
but the art of welding has made such, great strides recently that it is 
believed entirely to ‘hake joint in that 


between. the original 
ded. the. the two metals. 
ign rom by by ‘Sort yp bie! a 
tentaive nature, and -will,:no. do 


fied and. 
time, in view of the expertence 
ships have Ben in service for time: 


j 
‘ 
: f 
4 
q 
4 
é 
j 
- 


Ip doesnot: require'-a deab of -imagination, howeyer,,to, enable 
‘anyone‘to form the dpinion that the: shipbuilding industry :is on the eve of 
‘great ‘modifications ‘in constructural .lines, and: the ‘guidance. given, the 
‘shipbuilding’ industry by the tests and, comparisons so far: made) will: un- 
‘doubtedly: to ‘important, radical ts:in the 
‘industry, Gh GF 

In addition to the increased!» cost of: riveting a as compared to: welding, 
‘always true that there 


certain 

feat: fitted rivets, and these have done nothing mor 
‘the: ship:'' ‘The: main ‘purpose ofa rivet, of course 
thicknesses of ‘plate’ ‘together, but if the’ rivet’ is» bent, 
is no method ‘by whieh such faults ‘can ‘be corrected: 
‘It must be ‘removed entirely if the iitiportance of the'fiveted part requires 

oint, this is a expensive ‘course’ 
450,000 to” the’ ‘vari ‘that 

f ‘these! ‘are ‘not ‘fulfilling the ‘they’ wére 

put nto 


more than a 
for while ¢, been into the 


sed to be 
been. weakened struct ir. fai 


‘where re, .Can. sugge 

plates together the. be the. primary operation, 
from: of Pacific, ‘Marine Review. nea aditserto tii oT 


DEVELOPMENT Of “THE INTERNAL COMBE 


marine engineering) the steam engine has past 
held! doubtedly 


8 
ads 


undisputed sway,and along ‘with ‘turbine: wilt ian 

hold a prominent position in the future. 
Signsiare: not lacking, ‘however, and-at the:present stittie-the' ‘imternal- 

ustion engine is teceiving considerable -atténtion :in marine >circlés, 
and, what ‘is more, ‘shows’ evety indication‘ of bécoming ‘a ‘serious: rival:to 
the-two! previously mentioned: ithovers; at <being: at last ‘tooked ipon 
»¢Incthe: early daysrof: the: 


‘up: thecmany: faults: ‘then. ont oft ticwoled 


wa was stated that the reliability was at least equal to the reci 
steam engine cand on’ most:other points with perhaps the 


the: startiig (difficilty’ it said: to:-out-tival opponent. 
- therefore, no getting awa vot from the fact that these ieresporisiblé statements 
did ian :infiriite amount of ihatm, for when the:purchaser found’ they‘¢ould 
not be substantiated, the pendulum! swung: the! other: way anda” of 
unnecessary scepticism prevailed which-took many years to dis 


re disedvere 
immediately brings ut 
not be welded in t 
taveric Were Made DY. its) over-enerpeuic SDOnsoTs Order: cove! 
2 
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oldRatly es’ of this! owerd ovéry /unsatisf ‘im: many>ways;| all 
‘smalbgizes: ‘they’ ‘were: then ‘built,’ no attempt to boom 
marine ‘engineer as the development which. all 
have to pass to reach the commercial stage, thed took 
which was if oH) 
oProblemoafter: however, hy close! a which 
incidentally’, olarger sizes built, until now we, 
size,zengined with this, prime, with 
though: not very large.in either 
iis; undoubtedly times, W 
t marine engineers hare beginning 


intrested taking pl ce upon: shore. put. 


disadvantage, as. it. was.only, at, 


nity of coming, ine, contact ey, were, 


t it has ni 
‘widely, th ost ses. 

stitute ‘are’ chieny” ftiterested_ th 

the’ 


whole, bei 
in oe branch 


he resent is. not the! before Institute upon 


members always 


trove s 


non-return valves; upon the gases conling 

below that of the atmosphere the 

Accord ‘patent records which something of guide 

Robert. skis country, am Mag, ams: 


toast ofp mont ities. on di 
type engines, such: as:that ‘by’ Samuel: ‘Brown, 1928, 


-were made, which: the! .workitg. depended ':upor ithe 


‘that the writer ‘has ‘been’ tempted to sopaper, go! 
: The information given has been carefully ‘compiled ' during “the ‘past 
’ few years, and if it saves some of-the-time usually spent in wading through 
wo time spent in perusal, and 11 the discussion upon the presen 
‘one is!tastipractical and enlightening asothose: om: 
waluable) information» will, come views: 
-' :very: easly history or origin of this engine:is rather 
obscure» and seems: to ‘have a period of speculation, before 
anything was: done, the Abbe: Hautefeuile described engine‘ in:the year 
1678 partial: vacuum caused by busning guapowder im: a cylinder, :rais- 
ing water, the resulting gases being cooled. Gunpowder, in small quanti- 


‘exploded vcharge coated) forming vacuum; allowing 
The first: : success; however,.. ‘was that, Lenoir, 
18605 thiso.w: a double-acting, engine, very similar to to the! steam engines 
The given the fi y-wheel allowed the: engine to ive. off 
certain amount tided. adie-stsoke, 
‘pressure was in the région‘o 50: pounds. neds 
said to have been)95 cubic feet:per indicated: horsepower. hour.. ; 
engine afterwards «made: by: Hugan':seems: to-have been: of, better 
re & 


etutning piston 

doing the work feature of Otto:& 
was: free-onxits: upward :stroke and 

its‘: tetun ostroke: free 


j beng, iso. the writer 


ats: ‘name, iobeing. without 


to as 


cycle, exploding twice as often, but not twice the 

f the strokeis:taken up ani’ 


| piston ‘being: rapidly sent upwards: like a projectile, | rvitig: tavor- 
| 
Twithb 
Langen’s' engine 
owas: con 
ithezcong 
experi 
aware: 
The next “ oi any note in the chain of:events! was the discovery that 
‘if aocharge of} miixture: be! drawn into the cylinder,’ compressed 
siretarn, this: formed 2! muchsmore efficient cycles 
| 0 
‘strokes, from whence it derives 
at which the redhchistory’of the 
\oditomay; seem ‘strange that Be 
‘mixture: previous: to ignition) but: it is ‘found:im: practice that there! is'a 
greatignin id efficielicy, the ‘mixture: in’ modern! engines being» compressed 
h a pressure as as will:-besexplained lateriiy 
trokexC he senginesalso compresses its: mixture 
now'i ‘extensive use; the cy¢le'of operations 
(Phe engine completes its ocycle, 
‘Of: course) (im) two «strokes,> its exhaust;°and 
Antet:strokes ‘one, ‘so: to speak, the other ‘stroke being for compressing 
the charge. These engin n j a 
in irection, but as the small-ones are not self-statting, 

sof “consequence: and ‘a: is ‘provided. ‘They 

fone by:air this:does not; :of course, apply: “The uncommon’ feature 4 
tthat ithe: inlet :chasge'<drives»out the exhaust,’ but! this \is»found 
In ‘practice fo be qhite; satisfactory; the only: precaution Che 
‘ithe. ¢rahk: ch «iAmother pomt: is: that wheir rumhing partiully- 
closed throttle the cylinder is not quite filled with mixture and miss-fires, 
allowing the explosion°to is 
\ 


other’ stroke being known ‘as'four stroking, but; normal funationing: is at 


once resumed when more throttle is given. , Aton ort 

Four-Cycle Diesel—In’ this type.a:charge: of is: drawn, in on “the 

induetionstroke! and and compressed’ onthe: compression | stroke to: ita 
temperature in the region of 1,000 degrees F,, 

t the erid of) the cotnpression: stroke: ithe fuch waive opens and. ‘elt is 
injected by compressed air, thus butning: auto: oe: 
exhaust strokes taking» place asin all four cycle he fuel, is 
injected by air inorder to pulverize’ it:and the petiod 

‘gives a diagran? more dike that 
All kinds of heavy: fuebare used. _guceessfully im these engines and. no 
ignition apparatus is required, but ‘th heavy: set up. have: ‘been 
midable obstacle to designers, 
woCycle Diesel-—This:is mith: the twosbyele 
‘described, ‘but: on the Diesel: systém.:: Assuming ithe piston to be at the 
end: of the expansion istroke;:a, charge iofiairsis admitted under pressure, 
‘driving: out 'the-burnt ‘gasses: "and. filling: the cylinder, the then:coni- 
presses the air! to give ‘they high temperature; required, the being 
admitted, burnt; expanded, then driven: out ‘the: next of; air. 
Semi-Diesel. is' an engine: coming into extehsive:.uise; because: it 
‘practically wor! the: Diesel: principle. but) avoids ithe higher: com- 
Bab alsoi sometimes’ nained, by: its makers; the Hot 
ulb ” this term ‘being -considered be: appropriate, the 

is. water: jacketed in: the usual. the eneesition of 
the shot, bulb, ‘which: is ‘thus allowed to -attain ‘considerable: temperature. 
A charge'-of; gir is taken. in on the induction. on 


ed by the:heat it being injected into the bulb, the heat of w te 
thay, of. course,» be: constructed -tovoperate: upon neither 
or -cycle ow ithe:greater numberyoperate upon 
being :injected :on Solidi system,: 
willbe d>that: although: the! engiries met: with» differ 
widely>i »im detail and: parts, they: may, allbe classed ander 
‘previously+describéd head It lis: ‘to: ¢lassify Ahem 
theiniuses as: certain: are, found in: many 


‘acco types; 
spheres, the give. their arrangement in this 


ira ed asd egnigns T arti 
smal craft; engines|-operating 


yele otorcycles;' cars, vengines, haeroplanes, 

ob asthe ea sabwt gatbolqxe jolie 
AT Wowand: Rowr-Cyele generating station 
roSemi:Diesel, Engines.—Simall craft, etc, «simple: operation 4s im- 
perative and fairly: constant!) 29. 938 


dmake': ‘appearance, 
‘such, as:the six-eycle,: charge. of mixture indicted, essed, 
sted, of. .course;; to get rid of products of combastion. 
however;: donot seem-to be put: to.any. commercial-use; eycle 
bys Mr, Dartnail, ‘one of our members, red and: should 
The vacuum) the: ‘the admission stroke cushioni 
cand. tocatmaspheric. pressure awould: 


give a 


oe 
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yg-~Attempts have been’ made: at: compounding internal- 
fhe ‘but without) much. success;: the power: derived, 
the L.P. cylinder hardly: balancing the extra-frictional losses; 
Dowble-Acting Engines—-These are constructed by some makers i in | 
large sizes for operating upon ‘such: fuels’ as: blast formate gas, the general 
greatly resembling: practice, some having’ their, ers, 
Operation and Construction Cooling. Pumps: Water. jacket are ‘fitted. 
cylinders ‘in' order to’keep the temperature;within practical lubrication 
limits, about 200 degrees’ F., the circulation being promoted by: means of, 
a often‘of the centrifugal type, or by means of @.connection termed 
T ermo Syphon. In roathge case particular care has to be paid to pipe resist- 
ance,’ having’ the of large ‘diameter and:all-bends of easy radius. In 
large engines, valv pistons and rods are made hallow: amd: 
lated through them. 
Cooling Air.—Small and lather type engines are "often air 
cooled; fins being cast’ on the:cylinders 'to-assist radiation... 
Radtators— only small quantities of water are available, 
are: provided to cool the water, often consisting of gilled tubes through 
wide the’ water’ is circulated, a good air being 


are noticeable in respect: with; 
of the i 


w crankshaft) ‘and’ connécting: pressure: used: often being. 
compre 40 pounds ‘per square>inch. Latin small: tw e: crankcase, 
are lubricated the: - with: the petrol. in: 


are tedious anid: ra 

i 


and the explosion ‘pressure enteri vair® pipe, ‘air: 
being ‘shut off by ‘hand starting in’ engines is obtained” by: 
sliding a di cam into reduces’ thescompres- 
sion pressure by 


by ‘current ‘from: an: many makers: 


‘ 


mg inson Metnod.—-F rOLessor 
carried out some research work upon cooling and found. that: he: could, 

quite successfully cool engines: by spieting jets’ of fresh water upon the. 

: parts inside the cylinder which ‘were likely to get:too hot, suchas the. 
exhaust valve, thus keeping them at a reasonable temperature and allow- 

ing the engine to function normally.: This: system: is interest-. 

positive system such as’ by’ gear’ or plunger:pump. 

Starting.—The starting difficulty 4s a great drawback, which applies: to’ 

all types of internal-combustion’ engines; and all manner of means have 

been tried to remedy’ the defect. One idea used on stationary. engines! 

is''to t the ine on the | a | | 
‘ is exhausted in the ‘usual manner, the inlet ‘and compression strokes not: 

interfered with, non-return’ valve ‘is fitted | the | | | 
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Repersing= This: is often aecomplished 
bringing another ‘set of cams: into: operation and restarting in. the. opposite, 
direction by, ait. «Many types of: ‘engines :reverse. by, 
down ‘and ‘causing preignition by: injecting the, fuel too early, so 
causing what is commonly termed trade "ie," which 
the engine ‘in the opposite direction. 

Governing.—Various methods of ‘the speed of engines 
in vogue: in’ the case of! Diegelstype ‘engines, for instance, 
varying the oil-injection ‘pertod although the minute variation -of the,¢x- 
ngly‘ small quantity ‘of oil injected per: working .stroke; entails .con- 

erable ‘care in and: accuracy of ‘workmanship, in 
pumping apparatus, 

‘Hit and Miss>S fitted with heavy Gy. wheels’ were. 
for’ years” tous tha satin known 

as “hit and miss,” governing the a causing the gas valve to- eit 
altogether when the spéed beca 

Quality——Modern ‘times demand speed fluctuation. and, so 
quality governing by varying the gas valve lift pece in vogue, which,. how- 
ever, is likely to result in :weak and slow burning mixtures with) res’ 
hi h loss’ to the cylinder walls ‘thus unfavorably: influencing the th 

ciency, unless carefully arranged. 

Quantity. by the quantity of. mixture 
also has considerable vogue, especially upon engines used upon small, 
craft; where it is ‘universal, the quantity being varied by a. throttle. in she 
ordinary way.’ Governing on the throttle is:mot good) from a-theoreti 
point of view, ‘as it results in the cylinders: being only partially’ filled. wi 
mixture, the engines thus tunning under: inefficient conditions; but . apart 
from this it is-very' satisfactory: and, often: most: convenient... 

Pressure Fluctuations.—In gas engine work an -elastic. bag. is: fitted. on, 

icating:—All: engines ans type 

of indicator being used«for ‘the. high-speed variety, 
~ this is’ with the: same ease’ and ‘certainty: as .in steam, 
some type of dynamometer brake. @ more 
the of the high-speed type:; ‘The: ‘Gene indicator mow. 
considerably improved and 4 is informed Sir Dugald 

Clerk “that a description willbe published::shortly;) this: willi certainly: be. 
looked forward to with great interest by engineers interested. in the subject. 
The compression and explosion pressures may easily be obtained by means 
of the: indicator, ‘the thimble ane the, move-' 
ment of the valves: can: just’ be detected, read off. 


on the 


ft cylinders .on engines 
types being fitted: with» detachable heads and 


4 
valve opens some :few degrees before dead: center, and. releases, ‘the = 
at considerable: pressure, which ‘results in: noise. An,expansion chamber. 
is, therefore, fitted on the exhaust line to. minimize the: sudden fluctuation 
in pressure; the-art of designing::this) chamber consisting of arranging it 
so: that; the sare gradually expanded. without pitting back: pressure: 
Stun tad? oz dons 
re cast solid,: the, larger. 
cast in aluminiom 
ick raised: to 340 degrees! C.: an iner dropped: in, the latter ‘having 
a finished: size:0,005 inch :Jarger than the 
Pistons:—Large types:are: fitted with’ the. usual junk: rings, the: smalt 
solid, an: extraring being provided near the bottom: of: the! 
; tt to act as a scraper ring and prevent oil passing the piston and’car~ i 


bonizing: iri-the! cylinder: head.-' Many, ini their rings in) to 

losses, tooin serious, ia 

to the construction of lighter sit, For it found: that ‘a; 

10: inipiston weight, 


al, thn, peat 
great success j ige Q at 
quickly; due~to: its: higher to 
be to the higher of ex The. coefficient of: 
hem -by 10—and that. of aluminium: by, 10—‘per 
dagree Fabrenhett majority of engines, being: ~acting, have: 
as a crosshead): this quite, satisfactory: 

pratie, ero no with a length 


steels, the H section connecting rod wety-popular:' Instationary. 
gas and oil engine practice the same ‘rules "tha they should be annealed 


periodically. 
on engine every two 
revolutions a two-to-one ‘gearing must be provided, are, operated 
does,a number of other’ mechanisms such: as the ignition, fuel pumps; and: 
starting gear. Neatness of design. is now: a: telling point.from a sales: 
point of; view matters are: receiving more. hitherto. 


: from: heavy oil: to: acetylene the proportion 
upon the valne! of 
is. provided in: intake which ifts.at val 
thus the with the air, In ,oil-engine practice the:-oil' is often 
inal sectly: by -a small | 
bustion :head which is allowed ito acquire considerable, heat, the oi! being 
thas vaporized upon the induction, stroke, the part being heated for starting 
purposes, bymeans of a: lamp. For light oil ‘and ‘spirit where 
the inlet, valve lifting: ody. 
Small petrol. and: 


In, the case the inlet pipe.is heated externally: by means of the 
exhaust; in: of assist type of: carburetor’ ‘is only’ 
satisfactory! forconstant vas it: can be set ‘to: givea: correct mixtare 
engine) such, as is used in automo some design-is needed 


"Tomether these jeta cortect'chehi the imacture remaining 
constant, in quality. within reasonable axwide range of speed. 
Gas Prodscers-Many gas engines generate their own supply of: 
by, means of a:gas producer, the engine ly of air th 
fuel ined, inva: then thy: ‘a-scrubber where 
is cleaned, method of genera gasiis | sf 4 


s to sovibbs edt 


combustion engine type canbe ‘run upon any substance which will form an: 
explosive::mixture ory telling.us that some: of the earliest: were! run: 
apprOxilialely CONstalt mixture at all speeds it 
reason why ‘the, mixture varies. the speed’ is’ because: the: laws of 
| 
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Ignition Jet —One' the earliest: methods of. igniting, the!:charge: was’ 
by means’ of a’ gas jet, admitted to! the cylinder at the correét moment: by; 
a ‘kind of’slide ‘The ‘extinguished the jety which: was’ 
kindled ‘by pilot: Heth garsd 

‘Hot Tube—Jet ignitiom was soon ireplaced. by the hot: tube 
sisted'of a tube with a closed end screwed into: the combustion ¢ 
atid heated : ‘by a°bunson, the mixture, on compression; bens into 
the tube! and ignited. worked: better than at first 
some’ slight: ad of: the: firing obtainable ‘oy morning moving 
the burner’along the ‘tube: 

Firing Valve—Larger engines. were fitted with rity put, 
the tube ‘into: the cylinder at! the required: moment, 
inum and then i ‘oved: very sa - 

“Hot Spots The igni ignition of ‘some: of oil engines is after this style, 
the bulb acting as a tube rete well as a vaporizer. 

Electric Ignition—The: modern ‘ignition, however; is by: means ‘of the 
electric spark in various‘forms. 

Low Tension: by: low ‘tension. ‘magneto vis extensively: used 
for slow-spéed 

The magneto is of the oscillating type and consist of 
nets, pole:pieces, a’ shuttle oo wound with fairly thick insula insulated wire, 
and spri s for retu the armature to its position. © 

High=Tension Coil. type is termed high-tension because the 
is ‘not»caused ‘by fecckiog contact, but is given sufficient voltage ‘to enable 
jump a gap at the 

The ‘practical function’ of the condenser is to reduce the spark at’ the 
trembler: contacts rapidly’ destroy ‘them, ‘but.:imeidently hit 


increases the idity: f demagnetization of ‘the coil:core, ‘thus: causing 
magnetic field which’ considerably augments the 

Tension is: very: to! the vhigh: ‘tension: 
thatia: battery: is uired, the magneto generating 
its own primary. ceinaie The prima on the armature generates: 
the low-tension current; the cireuit. being ‘broken at the correct: 


striking a stationaty cam. This generates the high tension ‘current ‘in: the 
which “is, collected = a ‘carbon brush led to 


which the spark takes should: ithe. plug 
ignition is of: the coil type,;: the difference 
being that there. are two'spatks prod which: takes place 
in the box and is-not used and the spark which is led to ‘the plug. 

It has'already been stated that the oscillati JJow-tension’ 
neto is used for low-speed vengines being very popular with ne type. 
The high-tension. coil has: the advantage that it gives a shower of ‘sparks at 
starting but carries with it the disadvantage of accumulator charging, pent 
the factthat ‘the sparking ‘is not'so accurate, due to the uncertain type 
contact maker and the lag in the coil. This system is not much used now, 
but: is: sometimes incorporated with: the high-tension magneto’ to” facilitate 
starting, this then being: termed dual ignition: In Americawhere much 
attention; has been given to this particular'type of ignition ‘it has ‘been’ re-_ 

and now gives the same satisfaction as’the high-tension magneto. 

he high-tension magneto ‘is ‘used extensively: today: for the ignition 
it being easily possible to a e for ition of more ‘one cylin 
by the addition of a high-tension 


a 

‘ 

tO revolve stead: Of oscillate, ‘upon: this’ system, “and incor- 
rates the condense 
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The “elaints ‘made for the ignition are that the B spark, as we aie 
called, is of'a very detofiating character and will prevent car’ of 
the plug; also sparking if the plug should become short. circuited. me has 
been used upon large stationary engines. 

It should: be observed. that in all engines with any ence, to Saed it 
is found necessary’to make the spark occur earlier t dead ‘center as 
the charge-takes a perceptible time to ignite, this is ne by moving round 
the contact:maker or breaker as the case may be... In very large swinders 
more than lone plug is often arranged so as to putts the: charge simul. 
taneously. at different points. 

The amperage of the. current passing at the ping fe the high-tension 
type of ignition is very small, due to the considerable step up in voltage, 

ng place. in the transforming apparatus, this fact explaining why a 
considerable shock can be obtained from a plug lead without fatal results. 

The sparking voltage between two brass spheres 0.5 inch in diameter: is 
approximately as follows: 


Distance apart in ins. 


The of the electrodes i in cylinder is is inch, 
but it should be remembered tha "fr the pa influences the resistance 
of the gap and also that the faality for the passage of the spark depends 
upon the area of the electrodes, increasing greatly as one becomes more 
pointed. In practice they are made of heavy section ‘so as not to cause 
preignition by becoming incandescent. A difference between coil and 
magneto ignition with ph ah od to switching off may be mentioned inasmuch 


that in switching off a coil the primary circuit’ is broken whereas ‘with 
ig is'short circuited by earthing through 
a switch. 


_ Fuels.—As previously stated a an earlier’ part of the paper an internial- 

combustion engine will function ‘satisfactorily upon many different’ fu 

the study the: which quite a complex matter. 
of the prin points; ever, W intérést an’ engineer ‘are 
cost, the heating value, and the amount ‘of deposit which’ they leave 


cost, actors cannot be 
with here, but an idea of the ting value‘o f different fuels can be 
from the following 


to. Lib carbide = Seubie ft of Gas. $2 mest obs 
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Producer Gas—Coke ...... 
Anthracite ... 
ch Soft Coal ... 
Coke Oven Gas ..... 
Blast Furnace Gas. 0.70 
_Benzol, maximum power. wish adit 


be said thet ail fuels are 


offenders in’ this respect, the combustion chamber having to be cleaned out 
periodically, enginés running upon poor fuels ——— a tar-like substance 
upon ve valves, which unless cleaned off prevents eo functioning. 
ith the highest grade fuels such as petrol the int between cleaning 
are, of course, much longer, the deposit in this case being harder, the 
of time being reached when knocking takes: place, due: to the coati 
of carbon, reducing.the size of the combustion chamber, or a piece o 
carbon upon).one part.assuming such proportions that: it.: causes preigni~ 
wailing dn she, the. ex der, besides 
ccurate 1 0: Cc tions ing in n er, 
those observed by the indicator, can be obaaieed by an exhaust-g lysis. 
This is easily done, the apparatus consisting of a. frame Pipettes 
solutions to absorb CO:, alkaline 
to absorb O, acid. cuprous chloride to absorb CO. 

The gas is brought into contact with the solutions, the amount of these 
constittients indicating the efficiency of the explosion, an excess of O for 
instance indicating weak, and an excess of CO rich, mixtures; 

Engine Speeds—Engines can, of. course, be constructed. to ‘run at. speeds 


‘suiting different purposes, but on an average speeds are higher than those 


used in steam practice, varying from 90 revolutions per minute for marine 
nes ito 3,500 revolutions per minute for automobile racing a, 
3 _ not by any means an easy. proposition to control the Position 
knee ‘on ie speed power curve. 
ghts—Under this heading information is. rather: difficult to ‘ollect, 
but it may be stated that the engine built by the firm which constructed the 


Can be made Potatoes, R: nei) 
ye, Starch, ete., Deniatuiized’ by the addition of 


er 
3 
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engines for, the ; R84, weighs less than’ 3 pounds per horsepower, 
and was used e war in 55-foot boats 

Aero engines of a similar often fall below 2 pounds per horsepower, 
whilst at the other end of the scale we find two-cycle Diesel engines at 
nds per four-cycle Diesel es at 260 pounds 

pareesewes. d be noted that due to the heavy strain set. tad 
by. the high temperatures and methods of working, Diesel engin les ‘are 0 
‘robust 
Valves.—The of valve mentiotied, was found to 
a cam: operate gearing and returne to its ‘sea jy means 
coiled spring. As cast iron found to withstand the ‘heat ‘well 
es Gr are Kain made by screwing a steel stem into a cast-iron head, but 
h speeds and compression pressures where ‘valves often operate 
’ for Rss petiods at a cherry red heat, it has been found necessary to 
construct them of special steels which resists the warping and 
action, a tungsten type of steel being often used. 

For high-speed work devo ane atténtion has to be paid to the shape 
of the gas passages in order to give the engines a good volumetric efficiency 
or free breathing capacity, the valve in head system having important 
advantages over the T headed.system, 


It must not be forgotten, however, tage in a mixture, in which no 
eddying or whirling is taking p: a far longer period must elapse, after 
ignition before the maximum exp sion pe e is reached, than could 


be possibly allowed in any practicable pot here is, therefore, a limit 
in every engine past which it is unwise to carry the free breathing ques- 
tion, if satisfactory running is to be obtained. 

The arrangement and design of the valves and passages influences the 
valve setting, if being found necessary to take advantage of the gas inertia 
and thus not open and close the valves upon the dead centers. 

Valve settings differ considerably, some makers mmennting to get rid 
of the dead gas in the unswept portion of the cylinder by lapping the velvet. 
the-inlet valve to “Be a few before the 

new across the piston 

Other types Valves from time to time’ such 
as the dise, plug, | and piston types, but the only one attaining any degree 
of d this only in one field, is the sleeve valve.’ 

he sleevés are' reciprocated by ‘eccentrics, the ports fegisterthe 

at ie desired fod in the stroke, 

Pressures—It is’ an’ advantage pon theoretical 
to-asée high: a ‘compression pressure as th limit 


when s ge takes the ‘compre: 
— due'to heating up of critical préssure varies 
fuels, low for fuels containing a hydrogen 


compression ratio. 


The volumetric efficien a an: engine, ‘spoken of under. the heading of 
valves, ‘is represented by 


HOE 


Me = by the Piston. 


ive 


In use of @ 
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“Where V = Vol re compr: ession space. 
In settling a suita le compression on tutie there i is not caly the the ctitical 
ime compression pressure to contend with, but the rate of 
propagation throughout the mixture, which varies hes bode with 
For instance, acetylene gas and also open mixtures 
‘violence and. often cause severe knocking, which 
makers to introduce water with the mixture, by means of a inp. ‘a in order 
to tone down the vol ihe when the engine is under full load. 
The ° 
for w 
PV = : Constant, 
pressure is given by the formula 


we 
Viv, 


As the expression + i the compression ratio’ which can be 


represented ~ R, the compression i in terms of it is given Wet 
‘The P ofthe ore compression is 
per square inch at low ye 11 to er poss per square inch at 
normal speeds, the former. figure. a’ modera' well- 
high-speed automobile-type engine and the latter for a w ~designed 
speed gas engine, 


region of 13; a fairly. accurate 
representation of its valu being 137 the compression stroke 
she, 
he tel olloming: table ives some of the suctesstul pressures used: 
Petrol .......... Two-cycle automobile . 
Petrol: »::....... 
Illuminating gas. Four-cycle gas 
Natural gas...... Four-cycle gas ..... 
Producer gas.... Four-cycle gag 
Blast furnace gas Four and two. veycle 160. 
Semi-Diesel boat ....... 150-210 
Diesel .......... Two-cycle 450 


the charge is approximately adiabatic, the expression 


Petrol .......... Aero engine and racing automobile ~ 480 
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gil? eri 


sure gauge. M.e.p. 


Gas engine, four-cycle 

Diesel engine, four-cycle ............ 

Automobile ................. 84 

ero engine, water-cooled ............... 454 93 


in favor pint the adaption of internal-combus- 
theres igre obtainable, the following table 


is the ht higt 
cy of the various: movers 


‘iving’ the approximat 
early to 1 the present dat dates 


? 

tu ine . on 1,23 

6G 

“Toss nternal-combustion engine. are. variously. estimated 
by different a horit ies, ‘butt he follc wing is. a.fair.. average 


it o-anlt 
Per cent. 


Mec 


ctankshaf ks 


4m: thee this te of ening it may be be 
the ‘subject \is: now: ofa more’ settled nature compared’ wi 
few years ago when engines were built by rule of rit Result 
ate. now: foretold. with considerable exactitude, all” stresses 
accurately; computable, a: great: amount of research ‘work having over 
amount of! :trouble> is: stills met: 


setting the cy’ not the thus equalizing 

ne pressure upon, linder walls the amount 


dicated thermal 
Loss. 
52.5 
‘27.5 


“Balancing has also received considerable attention ‘sitice it beedme 
such an important factor in high-speed engine design, many takers carry- | 
ing this out with great care, — apparatus for accurate static and 
balan Steamship. 


oll ASA FUEL FROM THE PRODUCER'S VIEWPOINTS 


_ Henry Tomas, 
Cousustion ENcINEER, THE Company, Pa. 


The Organic theory is the one most generally accepted and the one held 
by the greatest number of 

According to:this theory, the petroleum is formed by the action of time, 
heat, and Bt goceruat also probably salt water, on the remains of. marine 
animaf an vegetable matter. 

One of the principal reasons for this theory is the very frequent occur- 
‘rence of petroleum in extinct sea beds, and ious es jacent to 
present: sea shores. It would seem,’ ‘at’ Teast, tha gin must in some 
way be influenced by ‘salt water. 

me authorities hold that the asphalt base oils are derived an animal 
matter’ and the paraffin from vegetable matter. Still, adherents of the 
organi¢ theory hold that different gestiied OT oil are due to differences in 
pressuré;-heat, extent of its migration, etc 

The Inorganic theory is based on the effect of water on catbi es yielding 
hydro¢afbons. It seems guite clear, that no’ important, petroleum 
field détived its hydrocarbons from purely inorganic sources. 

The Terrestrial Vegetation theory is based on the action of heat and 
time ‘on’ péat, lignite, elds, however, are not. usually 


adjacent to oil fields, ‘an and geueratly ‘do Hot occur in such ocations as to 
suggest this origin. not 


EARLY HISTORY OF PETROLEUM. 


For ‘many references have been made oil gis found i in 
various parts of the known world. Herodotus’ in'475°B: C. describes the 
re pits near Babylon. The ancient records of China and Ja are said 

to contain many allusions to the use of natural gas for lighting and 
pry Marco — refers to the oil sprifigs of Baku towards the end 
of the Thirt tary. The earliest reference of American petroleum 
occurs in Sir R account of the Trinidad pitch-lake in’ 1595, 
while in 1632.the account of. the visit of Joseph: d'Allion to the oil: springs 
of New in Historie du Canada.” ‘Russian 


traveler, Peter in -his, work, on:: published int ay! “showed 
a map of the oil s gs of Pennsyivania. 


1854, in which yearthe Pennsylvania Rock Oil Compatty was 
formed... Its operations were unsuccessful, and in 1858 certaiw ‘of’ its 
menibers formed the Seneca Oil Company, und Hirécti 
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at aod of 69 struck oil,; This well. foil 
and ‘at the end of the year ad, rapped to 38 


re day.) 
arrele of crude petroleum i in the “United. States. ‘was. 
to: be 2,000 ‘barrels; 1859; 4,215,000 barrelg:i in, 1869 ; 
1111879 535,163,513, barrels; in 1889; barrels in 1906; 
ts Pennsylvania, was the eat oil-produ 
For year's. ‘ennsyivania one, gr 
section. -of the world; but since 1870 been 
in practically parts of the world. 
oofhe: world he of petroleum for 1918, according to ‘report of the 
Department the Interior ofthe United: States Geological S Was 
514,208,715 barrels of 42 carnal ee was Hearwrn by the f owing 
countries in the order of 


I | Barrels of 42 gals. 
Dutch East Indies (includes British Borneo)... (12,846,365. 


.is found jin Pennsylvariia ‘wells 
Clarkebure, ig, 7,579 feet... In-the Indiana and 


wells vary, from, 750 to 1,900 feet; the Mid-Continent: fields 
‘from, 800\to. 1,500.and:up to 3,500. feet. --Gulf- field, 800:.to: 1,600 feet. 
Held, 2,000.to 4,000. feet, and: some ‘up’ 5,000 
are 500; feet, deep. ~The: Borneo, wells ‘vary 


From) fet, and the exiean wells; 1,000 to 2,800: 


system.,: 
the Cable System is. “used -where many hard: rotk, to: be 
ile. the System, whieh is: faster; is used 


it rock, formation.ate encduntered. to 

lesystem consists of a drilling tool or bits suspended of a 

This, is cr ead bythe! cable: 3 
e ito’ liking i 


~ 
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ne Rotary ‘System consists’ essentially inthe use of rotary hollow 
Hing rods or casing to’ which is’ ‘the ing and 
a continuous stream of water under a of 40'to. 100 
square inch’ is forced. 

‘many fields there’ is diifficient gus pressure or: 
that when the oil-bearing rock, which 5 to 26 feet ‘thick, ‘and which 
is a orced unde. or porous rock, 

il is’ forced: tin possi 
in which cave it would blow the | Gols, ‘rods, 
out of the the 


Where the flow is very be with practically no pressure, pr well is 
often torpedoed to break up the, oil-bearing strata. to, increase the flow. 

. The cost of drilling wells varies greatly. Wells of 3,000 to 4,000 feet, 
such’ as! the’ Texas, California; ‘and’ Mexican will cost: from $40,000 


PRODUCTION OF OIL, IN FIELDS. 


The: production ‘of the or Appalachian fields, which in- 
cludes Eastern’ Ohio and West Virginia, for 1918, was about 26 million 
“oil has .a gravity of 40 to 48 “degrees Baumé, and is 
a n base. 

The Lima-Indiana arid Illinois fields produced 19 19: million bartels The 
gravity is'85 to 41 degrees Baumé, and is a 

The Mid-Continent field, which. includes - Kansas) Pan- 
handle) Texas, produced 186 million The gravity. runs’ to 40 
degrees*Bauimé, and is for the most part. of asphalt although ¢o 
erable is‘of: paraffin base. . . 

The ‘Galt ‘field, which. includes Louisiana. andthe Gulf troduced 
22 — ‘barrels... ‘The gravity runs 14 to 25 degrees Baume and is 
t base) . 
he’ California field produced 100 million barrels and forthe most 
part asphalt’ base, although there is some paraffin presenti’ ‘The: gravity 
is from:12 to 30 de ees Baumé, . 
and the gravity 10. to 20. degrees: Baumé. . - 


“1°.6°<@oNSUMPTION OF FUEL OI, IN THE UNITED STATES. 


LAM of: these fiélds contribute ply’ ‘of fuel oil, ‘which is tide 
'vdrious ptirposes. It is’ es Ned 150' million’ 
tate used in the United States ‘for fuel’ arposes 
uel oil distillates, gas’ oil, reduced and es. White 
been thé. custom in’ years’ past, especially ig California'and ‘Téxas, ‘to 
very materially? ‘decrea e ‘part 
fpreased price Of crude and: due'to demand for 
nh tee 4 of those who were users of Domestic crudes in Cali- 
now: and the Santa oils, and the rail- 
roads, as cific Santa Fé, are now using 
While a great deal of fuel ba in the in the form of distillates” ty: derived from 
oils: of, the various: fields in the’ greater of 


of steel,» ‘enamelling, drying drying, end in the re of 
great. deal of: the’ ion is tok 
bt used quite quite in California and for 


Pacific coast and by. various railroads operating the 


‘ 
- 


MEXICAN OT, BIELDS.. 


to the Mexican fields supply. 
will be noted. from th A that’ ‘with, world 
ction, of 520,000 barrel Mexico stands second With 
$f,63 million barrels in 1918, and about 80,000,000’ for’ 1918, 
about 15. per cen} production.“ 
history of, o Mexico is a ‘remarkable® one.’ traces 
were found 1 was. first struck 
1901 by A’ few later a well was drilled 
hich produced 0,00 irrels day.) Th This well is’ still producing the 
te. p00, barrels ay, Many wells with very large. 
n brou 
The largess discovered have produced 1 
he rate continued only five days, a 
Share oft ol was Orage 
The second the Cerro Azul, was’ ‘brought in 
duced 264,000 barrels is, still in operation, although not at 
this high rate. In 1910 1 thie Batre otrero No. 4 well was brought in and since 
that time has produced consider over 100 million. barrels. _ Most..of 
the better’ wells: ‘produce from 10, per day. “‘The’num- 
er ‘of ‘wells it Mexico 9, ‘was 299, and there 
doned as they had { 


fle a Yew were d béen as th red 

er i! exhau si tis Dre esisic 

et toa, baaland PHYSICAL) PROPERTIES OF ‘MEXICAN UM,” i nod 


MLG 106 we eno} pollu OF stow 


twa otis it in th ifis of te 
i 


ally’ ‘nd’ di and The “limite 
/ any topping or refining process, he pan oils, on ated ‘other hand, 
contain. 10 to 15 per cent of the ligh ites, much of apo is pon 


A, considerable -quantity of ut rocess,. at 


érude f the the 

on Ww 

w. ‘especial ed for. 

much: better than ‘t dé whitch ‘it 

the fash postit hag best Passed by the 

it much safer oil to dle and store. is a ‘more 


the ‘poli, The et should 200 
F. or higher, Viscosity, about 
per cent sulphir. BBYIV. Df 4, 
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MEXICO'S Off, PRODUCTION. 
the actual fields. for 1919 will run 
from to 90 million barrels. does feally re the maximum 
or. output, as the potential prodaction is in excess, of the 
It has estimated by the peologisty in 
the ps potential, production will run 1 million barrels day, an 
troleum Department it- at smillion barrels t 
about 175,000. barrels; are prodi formations would 
indicate that there is every; ibilit; of, other fie’ yet, to be discovered 
yhich be equal or better tha in those the fields alreac 
wn. have been. but touched, as ‘the’ Of ‘wells drilled" wo 
indicate... ; 
Several companies are’ ‘preparing to spend ‘to 100 miltion at 
‘seat in. the further development of this fiel 
The production is limited almost. entirely. “by transporta 
facilities, T hete is, in spite of the comparatively large numbers of ice 
steamers built in the last few years, still a bed decided ov to meet 
then of the eil-carsying trade.) aay 


There-is a a growing demand, for fuel in ‘allparts of yorld ‘there 
ste: cal a rmanent its nse: for Boe ms 
.vess er one-half of under. the 
are and urners, while a large s. the naval vessels of 
States and all ‘the new ones use oil. This is also the casé in i 


as well as other foreign navies. 

When it is considered: that the exports of coal from England prior to 
the war were 70 million tons per year, it is aie below 20 million tons, and 
that in 1919 it is estimated that there is e in, mari goal production 
of 100 million tons, it is not strange, tha Fd gringo supply of oil does not meet the 


deman 
“Of th barrels deli th nit 
fuel, atid ‘it; is, that for fuel Purposes nearly 


as the riage 
He, of will be h more 
1903 seis 


: 


The suppl of oil. i ig), one is.contin 
brows ‘one, which tae, difficult It.to answer ¢o nclusively, 
has been a increase in the he world production the demanc 
nd usually kept , and in some: cases the oduction.. One 
em, that. of gasoline, will illustrate th being. made on. the 
res a ear is. pu 
lorie. It is. estimatec at this, ‘be doubled or triple ‘ia 
t five-or ten years. \ 
“the” more recent, estimates the “United ig Geolo, 
n addition to the -oil In 
wae whith gives some e Ur 
estimates that tah, Wyomitig evada 
of oil shales in thicknesses of 3 eet or wn le of- 28 
or more of oil per ton, sufficient to produce at least 75 billion barrels of 


3 

t 
‘ 


‘this oil’ be: produced for 1% cents to 

cent is were turned into oil it’ wou ut 


Probably next. to 


the gnastion, of of. supply of af are. those, of the 
advantages gt ail for fue apd the thods of using it, 
dvantages o ah. a fuel for alias 
of boiler and furnace. 


z Absolute control, with ability to carry light loads as well as mes 


loads. 
bar x Uniform, furnace conditions. as repens fuel and air supply, giving 
High a capacity. 
Adaptability for banking fies for short or long: periods, ith low 
cost. of same. 


of, unsatisfactory. labor. conditions sin the ‘handling and 
1 

7. Reduced cost of furnace and boiler repairs, also ‘elimination of mar 
chinery required for other, fuel... 

Uni value with-no rages: 


ral 
ease of, emergency. . 


shore or barge wer any meter com 


steaming ra for. a given. age, space on or deadweight. 
‘Utilization of s ise water, bottom: : 
4. Increased. speeti dué to Steaming conditi 
5. Much improved boiler room conditions .. 
or ah fuel: oil the equipment 
consists of Pent ng tank, pump set for lelivering the oil from the sored 
to. the burners, the ‘heater for: raising the. temperature of ‘the . 
tners: for dtomizing For ‘the Mexican ‘reduced 
necessary to provide ‘heating coils in’ the’ storage tank to maint 
oil at.a temperature 80 to: 90 degrees at ‘which temperature 
can, be handled without difficulty through the suction lines to’ ye a 
The. storage tank to use. for this se 
of the: plant; thee distatice from ‘the ‘source of 
and the of the oil; that is, whether it be’ 
“A: supply ‘sufficient for a wee 
ow Wo be. wh le ‘many’ plan 
want to, maintain, at Jeast:a month's ‘supp 
plant of 500 boiler horsepower Ber 
about, 10,000 of oil week plant stich as 
source of. sty tank 


; 

i 

| 

i 

| 

i 
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‘This, allows for the filling the. other; is 
eing used to. the and also. ning, inspect- 
repairs, when, necessary, without. the of. shutting 
general, horizontal cylindrical tanks of from. 10,000. to 20 
each, placed underground or in pits, work out more satisfactori ly ey more 
economically than other forms of tanks up to a total ca caperity of about 
100,000 gallons. Above this quantity Yertic 1 tanks of 30 feet in aeees 
and ae could be used. . 
In retéiving oil in tank cars’ atid barges,. it ‘is heat 
tn to discharge. irges and. tank are 
heating coils so that'all that is is to provi de a 
for this purpose. ta as itive. 
O1L-BURNING 

There are in’ general use'two! ‘of for ‘boiler use. 

First, the Steam Atomizing System, ‘in’ which’ pumped | ‘the 
burners.at pressure of 50 to: 75: ‘pounds per squate inch’ atid # témperature 
of 110 to 140 degrees F. Steam at boiler fee is used ‘to’ atomize 
the oil at:the burner. The: “is usually: operated ‘by’ ‘steam’ and ‘the 
exhaust is used for heating | oil in the heaters and storage tank: ‘from 
which: the: oil is:drawn. 

Second, the Mechanical Sastem, in which the oil’ is! ;Pamped to 
the burners at a pressure of 50 to-200 ‘per ‘square ‘inch and a 
temperature of 200 to:275 degrees F.\The burner is entirely: different 
the, steam atomizing steam’is wsed’at'the burner. Oil 
is delivered to the burners; and the Me is ht 
high-temperature oil being forced 'th orifee in 

Both of these systems are on: c of Batted’, 
but we will not go further into the ae gt these two types of burners 
her: as no doubt: the speaker’ following’ Will disctiss' this subject. 

ay would say but a word regarding burner. installatio ig Ge that i 2 
is ppdne which will properly atomize and handle. the oi wi 
the proper furnace’ ar ent’ td ne e 
atomized ‘oil,’ it is impossi le'to' secure the best 


Tests are of much value in giving comparisons of oil with ae but ae tee 
ft 


ay in and; day out. those: that:ine ‘of ratest 
fired which are operating ‘at aivery ‘low 0 eat many 
is, the considered over .a:imorith ora! year’s time: This 


condition can, be, very. improved: by the use. of ‘oils, a¢ greater 

capacity can be secured, thus: dowm the numbers ‘of boilers. in 

service and so Also,, the: batiking :¢ost' will ‘be very . 

reduce an stil further gains: art: tude dus ito boi boiler 


"he principal difference. efficiencies’ secuted. with olf and coal under 
good average conditions more uniform: furnace’ ‘conditions 
which can be maintained with oil, thus: ‘the! quantity’ ‘OF ‘excess 
air to be very mati 

raking connéttion. there, is a. point, which, is: thes! Gvetlooked 


per ituminous 
will run 18,8 Der cent. oil this’ will ‘run 


7 

‘ . 
| 
| 


te 


CALCULATION OF FUEL, cost, 


A’ fair’ comparison of total ‘cost cost ‘can only be 
entering’ into ‘the! operation’ of a boiler plant is considered. "This 
include: ‘Cost of fuel delivered in plant or on the rail; cost of unloading; 
cost of storing; of rehandling; of delivering to bunkers or itt front of 
boilers; of firing the boilers; of “talking out and disposi ofan ‘ashes; the 
cost’ of cleaning ‘out furnaces, economizer: pits,’ ete. ; ent ‘and 
maintenance cost of the equipment required ‘to handle the fuel, 2 and also 
the investment and “maintenance cost of the actual’ ‘boiler horsepower 

are many t ave & gost 0 to: ‘per ton 
of coal burned for the handlin , and: disposi of ashes ‘of that 
coal: There are'a great ‘many red that not average, 
their working ‘period, more than 50 ‘per ‘cent of their ‘rating; thus 7 ai 
an investment and maintenance cost! of double that if ilers 


LIMITATIONS oF: 


Oil is: without! doubt an: ideal. fuel.» It is meeting in, many: sestions a 

t need, but we must realize that: the supply is not without limit. 

The sup points of distribution along the cous the ol can ven 
Igy e coast the can at a given price 

to the c ct of trasperation from this distributin 

nm from this ributing -poin 

Oil ft replace coal localities, but can replace onl to: the 

Te Jouraal of the Engineers 


‘om As FURL, FROM THE CONSUMER'S 
oil By E. H. Peasopy,: 

the question of oil burning there is a great deal of similarity between. 

points of -view’ of the producer and: the consumer; Both--have to get: 

a supply of oil. and. both have to:dispose of that supply. So far they are 

together, but there this: difference, the consumer. helps the producer: 

to get. rid of: his) oi 1, but! has no; one but himself to help him: get: rid’ 

of it. By that I-mean that while. the consumer ‘can advice, and lot 
of, it—-some. of it, bad—he must depend on his own. 


is only, however, when it is attempted to cut down the extess air-which 
is. the \bete notre, of combustion because. it ‘carries away so: heat-~ 
it'is only .when refinements of. reducing that: excess: air. are, 
at the same time obtaining the proper economy and _ necessary 
avoiding. trouble with! the botler-, needed and i which Teed to. 
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to that fuel oil is burned at maximum efficiency. 

In the previous paper, Mr. Thomas. very. male noted advantages of 

bursing oil, The consumer realizes them at once, but at the same time 
two. questions come to: his mind immediately—-two para! questions. 

First, can he obtain oil.in. the necessary amount; and with the. necessary. 

and, second, what is it going to cost compared with ‘or 
ver may be-his regular. fuel? 

_ Now, I. do not. know. the answer to the first question, although, from 

what ‘Mr. ‘Thomas tells us, it would, appear that there is going to be an 
adequate supply. I hope that this is true, because it is the ideal fuel... 

, As to the question of a that eons very largely upon local ‘condi+ 
tions. There is the great and toda factor of labor 
saving in connection with the use of I first e. production 
of oil: at wells takes less labor than the production of coal, and.we have 
very recently been going through one phase of this fuel Cemtics, and have 
seen what labor. means in that connection.. In the second place,. there is, 
always a great labor saving in the o ration of an oil-fired plant. There. 
is no coal passing, no removal of ashes,.a smaller number of fire 
of which are in avor of oil, and must be sell carefully considered. ch 
ine is, however, a particular problem in itself and no can be 


‘an Walter McFarland has noted ‘avery: interesting tittle: ‘comparison, 
which would give a rough idea of the relative costs "ot oil and coal, not 
counting ‘the labor saving, but taking into consideration the fact that with 
oil better boiler efficiencies are obtained.) Although like every empirical 
formula; it is only approximate,' since the quality of the coal and the 
borage Sil the oil influence the accuracy of the result, McFarland’s rule is 

y for rough: and is‘as follows: When the cost of 
vile im cents per gallon equals one-half :thée cost of coal in dollars per ’ 
ton, the cost of fuel for producing a certain amount of steam is appro 
mately the same, This means that.two-cent oil is equal to to clas 
coal; four-cent oil is equal to eight-dollar coal, etc. Here is a rough basis 
to start with, although you must. rem r that, the great, fe cig of labor 
saving comes in as an additional consi Patio in favor of oil. 

The history of oil barely is very interesting. In the early days of oil 
production, to which Mr: Thomas has referred, the practice was to put 
oil in an ordinary bowl or pan, and by rig sufficient heat, get it ignited 
and then allow it-to burn onthe surface. That system is’ still in vogue 
today for certain purposes, ‘but there:is very little flexibility in this method, 
and a very! fimited It is not}suited to’ boiler and power: 
passing, might also ‘refer’ ‘to' the od of ‘burning oil’ 

means''of a wick, which: we’ find:in: oil the limitations 
which are as-apparent as’those.of the'bowl 

The most satisfactory by far and dactically “the! method for 
burning oil:for power purposes: is “to produce a spray. There is: another: 
method which, however, is in just the same class as the kerosene lamp, 
and this consists the conversion the oil a before 
it to the furnace. This method has’ ‘been but’ 
used «successfully under divi conditions, so ‘that’ method, 
whereby: oilis mechani divided into ‘very ‘small parti then: : 
the: furnace, the only: system recognized today’ as suitable: 


for 

There are re. different ways of amakitig: sprays: ‘First, there’ is. the’ 
of: using an’ pager ium, such as*steam or compressed issu 
rapidly ed itt so t oil, which is mixed with the 
steant or ai from ‘this, type of 


ing 
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oThere is another and radically diferent type the atomizer, 
“consists.of an which gives the stream. of. oil aro 
wes inside, the tip before allowing it to be projected the, 8 
orifice and converting, the stream of gil into a, fine. Be: conical 
so. well.said, t most satisfactory. re on 
er than the burner, and on the of air, and 
e of air, 
also. be well .to mention that in the choice of burners (beari 
in phe that. they are.only a minor. part 0 the equipment) it must. 
barnes in mind that a burner which does ae\4 give a good spray is unsatis- 
factory... Another very important feature to be considered in comparing 
ye is. the mechanical design, with. particular reference to simplifying 


repairs and cleaning of burners, this latter point alone sometimes. kay 
decisive in the selection of the burner. : 
Illustrations were shown. of various types of steam atomizers, inch 
round and flat flame inside and outside eae also various types. of 
s of furnaces, explanation, of .reasons for, using the“ back- 
‘The use of the atomizer, was explain ined, 
in its application to marine work, and illustrations Dict own of the 
Whites boiler installed at the Fuel. Oil Testing Plant, League: Island, 
on which new high Recards for and. capacity were made 


by me 2 Navy, Department, and; with the permission of the Department, 
pEscUSSION, 


for use in manufacturing purposes, such:.as making linoleum,» is it not 
years 


Mr. THomas: Pobre bit there is; “deat of 
oil. used as fuel which probably could be used for other: purposes, ': The 
more refined oil, that: is,) ang distillates, which are being: used for fuel: 
s,:more: especially for general heating ‘purposes, ‘undoubtedly could 

ve any espec commercial value for suc 

The:.oil to which we: ‘ati present fuel: uses,» namely, the ‘(Mexican 
oils, have aismaller wvalue:for refining processes, for tubricating oils and 
similar purposes; than most. other ‘oils: with »which we ace ‘familiar, 
these reasons; there ‘be no’ occasion 'to: feel, when, we burd: 
that we are extravagantly using up valuable products.» 

Mp. C,H. Bromiry: Are Mr. McFarland's ratios ealeulated 
heat value, basis, or are th Pape result of actual costs? |The point upon 
to bring ‘out, is this, namely: oil lends itself to stich ‘perfect control as: 
compared with coal that, a can more nearly approach the theoretical 

quantity air tequired, with the: result that comparison’ based on’ 
heat value would: work-out, to the disadvantage of oil, particularly: if the 
combustion. volume is suited to the boiler rate or the ‘number of Btu's 
liberated given time. 

Mr. Prapopy > Mr. McFatland’s: of woe on 'spproxi- 
mately 14,300 Bia per pound of ¢oal and 18,600 B.t.u. per er Pound of dil, 
consideration also being given to the fact that better boiler’ is 
virom oil than from:coal> It must’beoborne in| mind/‘however, 


t; this! rule.affords but a! ‘rough roximation, and: should be’ applied’ 


an icular‘ ‘case with: Re al 
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| 
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Mp. What is th of steam 

and’ mechanical atomizefs?* 
Mr. Peanopy: The’ best steam atomizer requires. from 134° to’ 2" 

cent of the output of the boiler to atomize the oil, although consum 
may rtin very much higher if the fireman is careless. Some tests‘ have 
been made’at ‘less than 134 per‘cent, but I do not think that ‘a’ fair average 
consumption would be smaller than 144 to 1% ‘pert cent >> 

The’ mechanical atomizer, on‘ the other hand, makes no direct use for 
steam ‘for ‘atomizing. ‘It requires a’ small additional equipment ‘over that 

used for the steam atomizer, in that the oil pressure is ‘higher, usually 

from 150 to 200 pounds. There is some extra steam used in the pump ; 
the amount, however, is not’' Brot Some ‘additional’ steam also is 
réquired in the heater, because 0 fact that et be must be carried ‘to 
a higher temperature to atomize it mechani ically, but the figures we ‘have 
show that this ¢orisumption is less than 144 per fens Undoubtedly, sr 
is some ‘Saving in ‘steain consumption with the mechanical atomizer, but 
the important factor is that the’ mechanical atomizer takes out ‘of the 
the possibility” of wasting 6 or 7 per cent of the’ ‘output 
the boiler. 

~ Mr. W. A, Stercer: Mr. Peabody stated that a Scotch of fire-tube boiler 
would a designed mechanical atomizer’ would a 
omy boiler. Does: this’ statement refer’ to the angle of ‘the’ spray 
on! 


Pies 4 ee of atomization obtained in a mechanical atomizer. 

made statement with regard’ to Scotch boilers, I*had reference to 2 
mechanical atomizer which produces’ a very different ‘spray—a very narrow 
—_ spray, which might presate sparks, i.e., heavy drops of oil, which 
almost reach the he floor of the furnace before consumption. Such a burner 
might be able to give fairly satisfactory results’ in a furnace where there 

only burner, ‘and the gases travel back to the rear, thus affordi 

tge: combustion space. ‘That! ‘same “burner might, do pretty -w 
tch boiler, but when you put it into a furnace of the express type, 
the-flame goes partly to reat-and partly sidéwise, it is necessary 
to have much greater refinement:than a wide angle>spray gives, so that 
a burnet which ‘would work all right in’ Scotch: boiler would not work 
at all in the’ express type.’ ‘The result would be smoke, pulsation;: carbon 
and. unlimited troubles. 3d 


The angle of the spray is very in intimately associated with with 


Mr. Lewis: "For land boilers of the injection’ type I: understand:'that. 


the oil on being sprayed in carries along with it enough air for combustion 
for Is that: bower p for: the any of boilers: such as 
obtained in service e ‘ratings; 
and possibly: are. obtained 
PEABODY: We donot caloate at al onthe in 
‘ending to introduce. air for combustion: The round-flame. ‘burner’ ‘Set, 
in a certain way! does have:some ieffect, but: it is not'to’be depended upon 
to any great extent. A strong natural draught or forced draught would 
have provided for a power-house requiring '200 per cent. above 
here is  this»-c eration; however): ‘that ‘the choice between a’ 
pe and atomizer for a stationary plant: must‘ becorisidered. 
Each type has its field. first place, a steam atomizer is a cheaper 
It is not necessry to remove grates... If) the plant ‘has! been 
coal, steam atomizers -be: installed ‘through ‘the fire door °and 
‘compara ly “inexpensive 
m cal atomizer ‘requires ion’ eést, ‘since 
must. be. removed atid the: limeds with fire ‘brick, it ‘has ‘very’ 
tinct advantage with heavy loads. lo 


‘ 
q 
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As far as the steam atomizer has been 
250 per cent rating: With the inechanteal 

boiler: front. (We have 11 16 burners on pgs orster pee: 
at the United States Fuel Testing Plant.) The result is with. for 
Nigh capacity to which we can force 
the mechanical atomizer, is very much higher than can be obtained wi 


the steam atomizer. . 

‘Mr. Bromury : In: changing from: coal to oil, and, at the same time, 
carrying the-boiler ratings that may be necessary, the question of gore 
tion volume comes up—the combustion volume: needed: to Jiberate a 
number ‘of heat units from coal as compared with the epmbustion, ve 
needed to: deliver a number of heat units from oil. | - 

Mr. Peasopy: The effect of furnace volume in burning 

eat’ itiportance—of much greater importance than it isin burning 
Becntise' it corresponds more nearly to the grate surface. — 

In a coal’ installation we have a given draught and a given grate area. 
We know that we can burn coal at a certain rate of ‘combustion; and while: 
furnace volume is important in the case of a volatile fuel, it is’ rather 
dependent 'on the fuel—on the po Bos of the coal—rather than on the actual. 
consumption of the coal.’ In other words, coal-can be burned without the: 
volume, the degree to which you burn the s being the major: factor. 
A long deznig volatile coal requires a weet ban of furnace volume, an 
here ate comes in as an important factor. 
furnace volume and given draught can burn a definite amount’ of 
oil ‘per foot of: furnace ‘volume. If the volume: is ‘increased more: 
oil can be burned’ with the same draught. More commonly, liowever, the 
draught: is ‘increased, ‘and then ‘we may bum mote oil per cubic foot of: 
furnace volume.’ 

I do not know that any definite relation’ exists between coal and! oi: 
in this respect. We do not gem nme figure furnace volume with:coal:: We: 

w that for volatile fuels we need a big furnace, while with anthracite 
a raids ‘smaller one is ‘satisfactory. The best:designers of: oil: burners, 
on other hand) are very careful. to consider the amountvof furnace 
volume available for burning the oil: In one: case, the is a> basis. 
of calculation (furnace volume being of minor importance); in the other: 
case, furnace volume is of basic importance. 

Mr. W. J. Potxocx: In installing oil: burne: boilers that’ are at 
the AA gy oe time using coal, should the stokers be removed? 

‘The question of whether the stoker should be removed’ 
depends, first, on the amount of: capacity which must be obtained from the 
plant, and second; on the type of burner. : 

We have two types of burners, the steam and the ‘mechanical atomizer. 
- One gives a round flame, and the other usually a flat flame. The flat flame 

burner can be installed right over the stoker in many cases, providing’ the 
furnace volume is sufficient for the desired ‘capacity. If the’ furnace 
volume and the draught are suitable, there is pr ly no reason for re- 
moving the stoker: With a mechanical atomizer; on the contrary, the 
stoker must be removed, or at least a certain height of furnace provided 
in°order to ‘take care of the conicat flame, since efforts to ‘make a’ flat 
flame mechanical burner have been comparatively unsuccessful. There 
is another possibility, namely, it is sometimes possible 'to burner 
in at the back of the setting, thus leaving the stoker intact. 

Memser: What increase in efficiency may be expected from the we 
of fuel oil as compared with coal? 

Prasopy: The best st efiicleriey [for stokes’ sbout per cent, 
This i is doing pretty walt for coal, which requires a large installation, and, 
as a'matter of fact, 82 per cent of 
On the: other ‘there is no great di in getting 80 per cent 
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efficiency from almost any:kind ‘of ‘plant: burning fuel: oil, and I -have seen 
records with this’ fuel; + ‘the: mechanical: atomizer; showing nearly 83%. 
per’ cent efficiency. With the better :class of: stoker; economical consump-, 
tion of ‘coal apprdaches ‘very closely the efficiency swith’ foil, although: I) 
believe that oil-has’a very fair giving better! returns than; stokers,. 
provided, however,” ‘that: the fireman’ attends’ to his job, since.in the case. 
of oil, the ‘fireman’s attention is:more important than with, the stoker:; 
Mr. Winnie: We have discussed tonight two methods for burning: oils: 
one by the: usé! of atomizing ‘by ‘steam: and :the other: by compressed; air. 
There is another method .ofsburning:fuel ofl which is: in practical.use. to. 
a considerable’ extent ‘throughout California. This; method consists in: 
atomizing’ the oil by tieans of »centrifugal | force, using::a special. type of. 
or operated by an electric motor... No steam: whatever: is, employed 
ith the device, nor is‘compressed air-used. | Most of the applications have 
made on small) units. as for: house heatin in connection. 
with boilers up to about 60:horsepower); and the: for: 
such ‘units the method: is’ very: practical. Now, the question: is, this 
type of burner any:real mechanical :merit? |, 4 
‘Mr: About: 1860 a gentleman by the: name of Frederick, 
invented a burner on which he obtained -a:patent.,, His device consist 
a fotating shaft with a it, the oil, being 
by centrifugal force; and I have! no doubt it.-made:a. very 
spray. ‘This spray system disappeared from: sight,,as. far as 
out, until about 1902, when the Liquid got Oil; Board of the N Navy. oe 
ducted some very) interesting tests at in. connection 
the of fuel:oil: for marine. infortunately, that Board 
and: very naturally so, to’ ing. their 
and hence did not: go‘ very. much; into, the mechanical 
atomization. In their report, however, there was a Geer Geveeed to the: 
mechanical: in’ which was: ‘one: or two 


has been: installed 
plants. .I:believe there is a very. field, ite of burner; and. 
so far as I can learn, ‘it seems tovadiord:& very’ | of, burning 

Since’ the: atomizing is done mechanically, it, is very attractive in a 
plant where there. is:no skilled. engineer, How: broad the field for this: 
type of burner. is; I.do not ‘know..'I do not believe; it 


id ike to. Me. Peabody if. he has ever, 


i at any maximum required: volume: of furnace. per pound. of oil 
ont) 

Mr. . ‘Maximum capacity tests show, an oil ‘consumption, per: 
cubie foot of furnace volume’ over 15 pounds: per hour: That consump-) 
tion, however; gis very high. In ordinary work we do.not'go:much beyond 
5 pounds per hour. We: find.that while the large furnace is desirable and 
larger. proportions might. be employed .to .good ‘advantage, a ratio. of. 
about 1 cubic foot of furnace: volume to, 10, square feet-of heating surface 
gives, ners satisfactory results (the foregoing is with. reference to marine 
shore work, if there is plenty of, room, the furnace. volume 

be very well increased, which would mean. thatthe oil is being burned 
with less draught, p> even in,this class, of work, the ratio of 1 to’ 10 


right. 
Mr. Irwin: automatic oil: and steam, or oil, or oil and 


i Ms. : Automatic ¢ trol. is a very desirable thing to aim; 
and I believe it is coming... e are difficult. problems ng to im at, 


I was very) much interested: to,learn some five years ago. that the latter. 
| hadobeen introduced: with | success in -California..for use in 


with if, hidwever;! particularly’ witha! Variable. load’ iwhere, ‘at intervals, 
it may be desirable to regulate the capacity, not only by the pressure of 
the.oil; but ‘by entirely.ishutting: off someof) the burners. «It is here that 
the difficult problem in connection with automatic control is presented. 
Ina fairly uniform ‘load; however; the: ‘matter ‘is «much simpler,’ and 
several of automatic apparatus are now “on the which 


‘successful ‘results are! clai ‘Personally; Ivfeel thatorione of ‘them have 
reached ‘a’ satisfactor development, ‘but dofeel that’ this 
cwill' come before» m years" The Journal of- 


UPLAN FOR JAFANESE 


tric driven arships of. ‘the’ ‘A are ttracting” the 
of ‘the of the world. ships are superior 
old steam 
Our Imperial N $0 to apply’ to ships: in 
the: future, is tiow, eatnestl tly trying, to make the it is not 
Satisfactory. to. leave the investigation simply to civi Navy, pro- 
an investig expenditure of several thillion yen next year’s 
two, o inions for the. stu one is to! 

“spe ‘that ate en’ from A America’ ‘and 

e other is 'to. buy only. the ‘engin ‘The method be study will Be’ 
some’ way the Technical Headquarters and ‘each’ A 
after’ the budget’ ved “the Diet; bat if Japan ‘buys the 
only, it is said that these engines will be arranged to our special 
vessels of about 10,000 tons for trial use. 

It is said that the Asano shipyard bought not long ago motors and 
generators of 5,000 horsepower for about $ 000,000 yen from Sweden and 
they are planning“to to thé 8, ‘lass of ship which will be 
finished about the poiaemin sine? next year, Ati is said the result i is attracting 
considerable attention ‘from thé Navy. ond 

“England has °said ‘that ' she’ will on, adoption or ‘election: of ‘the 
electric! drive after seeing the effect of the can’ Navy’s experimental 
‘engines that’ are goitig to be fitted to 'five new battle cruisers which 'are 
now i in thé course’ of ‘construction: ‘from Tokyo" 


AMERICAN METEOROLOGICAL SOCIETY. 


he American Meteptok ical Society, ha ect the a vance 
ing, and commerce, was organized in St. Louis. on 
1 8 

it’ is’ Known "that, prior to organization, five hundred} hae had 
indicated their desire: to join’ when ‘organized. A ‘number and 
Navy ‘officers and a-number of: engineers, principally: hydraulic engineers, 
were included in the above number. ~ 

‘ollt is; understood that) the’ Society’ will issue palletin in’ which will! be 
published the papers presénted at meetings! of the Society. 

‘The field: to°be' covered generally known the Society is one concerning which: hike is 
at: present little: known ‘information,’ and it is believed that 
the new Society: will aid: oid in the spread: of such’ needed information: 
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Es PEABODY HEADS NEW CORPORATION. | 
LEAVES & WILCOX: COMPANY TO ENTER OIL, FUEL BURNING FIELD. 


The many friends of Mr. Ernest H. Peabody will be interested to know 
that he has resigned after thirty years with the Babcock & Wilcox Com- 
pany in order to head a New York corporation, “The Peabody Engineer- 
ing Corporation,” ‘the temporary address of which is 160 Broadway, New 
York City: The new corporation will enter the oil - fuel burning field in 
all its branches. 

Mr. Peabody graduated from Stevens Institute of Reyes in 1890 
with the degree of Mechanical Engineer. He entered the employ of the 
Babcock & Wilcox Company in the spring of 1891 and has been in their 
service continuously since that date. When offered the position of Chief 
Engineer of the company he declined and entered the Marine Department, 
of which department he was the executive at the time of his r ation. 

During a fifteen-year period in charge of the Department of Tests he 
made a special study of the burning of oil fuel, is. culminated in the 
invention of the “Rear Shot” burner and furnace, which was adopted 
_as a standard by the Babcock & Wilcox Company. As a piotieer in the 
development of the mechanical atomizer, he is the inventor of the burner 
that bears his name and that. is widely used. in the Navy and in the 


His classical “ Oi: Fuel,” read before the International ‘Engineer- 
ae Congress, at San | Francisco, is the authorit today in this field. He 
long been recognized as an authority on oil. fuel burning and boilers 
and_he his. new Work, His ‘success 
is predicted, 


TECH ENGINEERING NEWS. . 


The first Rick of “The Tech Engineering News,” a. pa edited sani 

solely by ts of the Massachusetts of Tech- 

» has, been. received. The number creates a favorable impression 

ey if it succeeds in its attempt to provide a medium for the exchange 

of ideas between the institute and engineers throughout. the country and 

gre students in closer touch wit. actual conditions, it will fill a long 
elt want. 


ig pat 


AL AND 2 NATIONAL 
the auspices ‘of the National “Marine ‘series of. demon- 
strations, centering, in: New: York City, will be held of ‘April 12.to! April 
17, 1920, under the designation of National, Marine Week, to arouse interest 
oa the merchant marine of ‘the Untied States.. Although the. program is 
not complete, it) is evident that the features arranged for for. the week - will 

be varied, interesting and instructive. ~. 

“During National; Marine Week’ the; : first National: Marine Exposition 
will be held at Grand: Central Palace, New York,.and from the names! of 
the firms who have already arranged for space, believed: that’ visitors 
will gain anew and wider view of the merchatit marine, the manufacturers 
interested init, the shipbuilding yards, the ship owners). 


, 
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STERLING'S CATALOG AND 


It will be a matter of interest to members of the’ Society and to readers 
of the JouRNAL “: know that Lt. ee O. F. Cooper, U. S. N. (retired), 
and Lt. Comdr. F. W. Sterling, U. S. N. (retired), have organized the . 
Sterling-Cooper Compan with headquarters jat 141 Broadway, New 
York, and have entered the § field of consulting and ay 8 engineers, 

The company is divided into two main departments, the Catalog Depart- 
ment and the Service Department, the former being under the personal 
direction of Lt. Comdr. Cooper, and the latter under Wn Comdr: Sterling. 
Both gentlemen, are well fitted for their, positions, Lt.. Comdr; 

ving had charge, during the war, of the Navy Publicity Bureau, 
vor City, and Lt. Comdr. Sterling by his service inthe pin of 
eering and his long service as § -Treasurer of the American 
ociety of Naval Engineers. 
he prospectus issued by the company gives \a concise statement of the 
aims of the company, outlines the annual catalog they will i — and gives 
a resumé of the class of work the company is prepared so oar 


catalog, as-outlined, will be a valuable source of enginee ‘information 
and one for which there is a great need. The success y fire is 
and growth be watched with interest; 
tei } } 
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ony: ’ CAPTAIN Sig: ‘Rosrson,, U.S: ‘Navy: Fifth’ Revised 
Edition. By Caprain. D, Topp, Navy, and Com- 
MANDER C! HoopeR, U.'S? Navy." 807 Pages., Txt! UNitED 
Robison’s Matiual of: Radio: was revised in 
the ‘fifth edition-in. the fall of. 1919.: bes 

Only the first five chapters pertain to 
transfer of energy and fundamental equations of telegraphy 
and efficiency of various type waves, whereas the remaining 
twelve chapters contain interesting descriptions of the newest 
type of apparatus in use. 

Several of these interesting items are: Spark transmitters, 
new arc transmitters, radio telephone transmitters, vacuum 
tube transmitters together with theory of the vacuum tube, 
new standard Navy receiving sets, various types of antennz, 
including the new submarine loop antennz, cage antennz, un- 
derground antennz, various balanced antennez and multiplex 
Teceiving systems, 200-K.W. high frequency alternator for 
trans-oceanic work, 350-K.W. arc transmitters, radio com- 
passés on ship and shore, aircraft transmitting and receiving 
sets together with aircraft compass and interesting chapters 
on installation, adjustment and measurements. 

All the foregoing apparatus is vividly illustrated by fre- 
quent full-page photographs of actual apparatus as installed 
in aircraft, shore stations, etc., which, with the interesting 


way in which the book is written, makes this manual of great | 


value to the layman and those interested in radio telegraphy 
and telephony as well as to naval electricians. 
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HeEroEs OF THE Navy IN AMERICA. 2d Edition, revised 
and enlarged by CHARLES Morris. 347 Pages. J. B. LipPIN- 
corr & Co., Philadelphia. Price, $1.50 net. 


This edition has-been enlarged and includes a brief chapter 


on the United States Navy in the World War, and also a chap- 
ter on the“ Navies of the Ulidet Sea and the Upper Air.” It 


_is ‘an’ interesting book’ and ‘contaifis ‘many’ items not’ fourid in 


histories}! of .0& .norenides // 
ot ofT oft tot. ont. te. 102 3289 
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ASSOCIATION NOTES. 


A of the was held at the 
Washington, D. C., December 30, 1920, to count the votes: 
cast for officers of the Society for the year 1920. The fol- 
lowing were elected : 

President : 

Rear Admiral C. W. ee U. S. Navy. 

Secretary-Treasurer: 

Commander J. S. Evans, U. S. Navy. 
Council: 

_ Rear Admiral B. C. Bryan, U. S. Navy. 

Captain Robert Stocker (C. C.), U. S. Navy. 
Commander S. C. Hooper, U. S. Navy. 

Commander Kenneth Whiting, U. S. Navy. 

Captain of Engineers W. M. Prall, U. S. Coast Guard. 


Ballots cast showed an opinion on the part of a substantial 
‘majority of the membership in favor of holding a banquet 
-during the year and a committee to make arrangements for 
this will be appointed in the near future. 


FINANCIAL STATEMENT, 1919. 
PUBLICATION STATEMENT. 


The following statement shows the cost of producing the JourNnaL of 
the Society for 1919 and the returns therefrom, with the gross profit: 
Costs. Returns. 
$5,777.67 
2,935.18 
1,137.39 
2,455.00 
1.32 


$12,306.56 
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“GENERAL, PROFIT AND LOSS STATEMENT. 
~The following statement shows the result of the business of the. Society 
- for the year 1919 as a whole: 


Gross Profit from Publication 


The following statement shows the difference between the assets of the 
Society on January 1, 1919, and on December 31, 1919. ‘There are no 


ASSETS DECEMBER 31, 1919. 


Accounts Receivable, Advertisements 

Accounts Receivable; Dues ..... 
Accounts Receivable, Sales 
Accounts Receivable, Subscriptions 
Army and Navy Club Bond 
‘Certificate of Deposit, Munsey Trust ‘Co. 

Government Bond, 1st Liberty . 

Government Bond, 3d Liberty. 
Government Bond, 4th Liberty 
Government Bond, ‘sth Liberty 


6.00 
Loss. Gain. 
$3,541.02 
General Expense (includes salaries) ................ $2,045.61 
Current Profit and Loss 
TB 
337.50 
172.49 
26.83 1 
122.23 
000.00 
122.84 
000.00 i 
000.00 
385.20 
000.00 
| 
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Washington Railway & Electric Co. 4,320.00 
Claim against American Railway Express 100,00 
$19,813.42 
Totat assets January 1, 1919 (Capital) 18,629.56 
Respectfully submitted, 
J. S. Evans, 


ecretary-Treasurer. 


An auditing committee has been appointed and accounts are now being 
audited. 


The following members and associates have joined the 
Society since the publication of the last JouRNAL: 


MEMBERS. 


Dodson, H. L., Lieut., U. S. N. 
Greenlee, H. R., Commander, U. S. N. 
Mack, Albert R., Lieut. Commander, U. S. N. 
Sorensen, S. K., Lieut., U. S. N. 
Sullivan, T. J., Lieut., U.S. N. 


ASSOCIATES. 


Michigan. 


Brocklebank, A. P,, “Alberger Condenser Engineeping 
Co., New York City. 


Doran, W. S., President, Alberger Condenser ant Engineer 
ing Co., New York City. 

_Eyermann, Peter, Austria. 

Gibson, Bruce, Chief of Engineers Dept., U. S. Shipping 
Board, Washington, D. C. 

Ljunstrom, O., 3631 Cottage Avenue, Balihiote: Ma: 

Pigott, S. J., John Brown & Co., Clydebank, Scotland, - 


__ Smith, R. 8. Apartment 16, 736 Park seiner Weehawken, 


: 
4 
3 > 
i 
4 < 
4 


ASSOCIATION NOTES. 219 


Stevens, Clarion Hazen, Room 206, 26 Pnuedeey, New 
York City. 

Walker, R. J., Turbinia Works, Wallsend on Tyne, England. 

West, Charles C., Vice President and General Manager, 
Manitowoc Ship puting Co., Manitowoc, Wis. 


Please do not fail to keep the Secretary advised of your 
address in order that your copy of the JouRNAL may reach you 
promptly upon its issue. : 
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